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As Bill Gunston says in his introduction: ‘The 
aircraft described in this book is unique. By the 
seemingly simple process of vectored thrust it 
can take-off vertically, hover in the air, fly 
backwards or sideways, and land vertically. So 
can helicopters; but the Harrier can also make 
a running take-off burdened with a much 
heavier useful load, accelerate forwards over a 
sloping ramp that catapults it high into the air, 
fly at supersonic speed, and make "unbeliev- 
able" flight manoeuvres using viffing (vectoring 
in forward flight) so that the engine thrust 
pushes it round sharp corners. No helicopter 
can do this and, so far as we know in the West, 
neither can any other of man's flying machines. 

‘| doubt if there is anyone remotely 
interested in aviation who is not broadly 
familiar with what a Harrier can do. Millions 
have watched the strange birds perform at air 
shows. But in 20 years the number sold has 
been trivial: for example, about 100 for the 
RAF and about 100 for the US Marines, One is. 
left with two conclusions: either jet V/STOL 
(vertical or short take-off and landing) is not 
worth having, or the world's air forces have got 
it wrong. And there is not the slightest doubt it 
is the second conclusion that is correct." 

This book by one of the world's outstanding. 
aviation writers is thus more than just a 
technical description of a remarkable aero- 
plane, It examines the role of the Harrier in the 
defence of the West and it pulls no punches in 
its criticism of those in authority who 
throughout the Harrier's development have 
failed to grasp its significance and potential. 
Fully illustrated both with photographs and line 
drawings it makes an important and controver- 
sial addition to lan Allan's highly successful 
series. 
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Introduction 


When man first tried to fly he copied the birds, Birds 
fly by flapping their wings, and in most species this 
gives them VTOL (vertical take-off and landing) 
capability. Only a few birds, such as ducks and swans 
whose wing loading is high, need to accelerate for 
wards before they can become airborne. It so 
happens that attempts at human flight by flapping 
wings have universally been unsuccessful, No flying 
machine took the air until lift and propulsion were 
separated, the one being provided by fixed wings and 
the other by a propeller or other thrusting device. 
This meant that all man's early flying machines had to 
race across the surface of our planet in order to reach 
flying speed. And if they flew too slowly they stalled 
and fell. 

The aircraft described in this book is unique, By the 
seemingly simple process of vectored thrust (which i 
explained in the first chapter) it can take-off vertic- 
ally, hover in the air, fly backwards or sideways, and 
land vertically. So can helicopters; but the Harrier 
can also make a running take-off burdened with a 
much heavier useful load, accelerate forwards over a 
sloping ramp that catapults it high into the air, fly at 
supersonic speed, and make "unbelievable" flight 
manoeuvres using viffing (vectoring in forward flight) 
so that the engine thrust pushes it round sharp 
corners, No helicopter can do this, and, so far as we 
know in the West, neither can any other of man's 
flying machines. 

T doubt if there is anyone remotely interested in 
aviation who is not broadly familiar with what a 
Harrier can do. Millions have watched the strange 
birds perform at air shows. But in 20 years the number 
sold has been trivial: for example, about 100 for the 
RAF and about 100 for the US Marines. One is left 
with two conclusions: either jet V/STOL (vertical or 


short takeoff and landing) is not worth having, or the 
world's air forces have got it wrong. And there is not 
the slightest doubt it is the second conclusion that is 
correct. 

What is wrong with air forces? Why is it that most 
of the global interest in the Harrier has come from 
navies? It is simply that — except in the really profes- 
sional countries, such as the Soviet Union — armed 
forces only play at war, but plan for peace. Navies can 
usefully deploy jet V/STOLs aboard smaller and 
simpler ships, and as they can do this and save money 
in peacetime it makes sense and they visit Kingston to 
talk about Harriers or Sea Harriers. But air forces 
have nice big airficids, with a long concrete runway. 
They have no need of a V/STOL. A few are prepared 
to concede that, one day (never this week!), their nice 
runway might be bombed. An even smaller number 
practice shovelling dirt into craters and draw lines 
with rulers on aerial photographs to prove to their 
own satisfaction that they could ‘take off between the 
craters’. The thought that their aircraft, and possibly 
the whole base, might be destroyed in a split second is 
something they do not wish to discuss, because to this 
they have no answer. 

Several times I have asked NATO base com- 
manders whether they are worried that, without the 
slightest warning, their base might be hit by a Russian 
nuclear missile, The exact position of every important 
military airbase in Western Europe, and almost 
everywhere in the world, is impossible to hide; and 
the Russians have enough firepower to take care of 
the whole lot with missiles to spare. The general 
answer is ‘Oh no! That just. could not happen, except 
in wartime.’ The inference is, first, that Western com- 
manders ignore the strong probability that this is how 
any European war would begin, and, second, that 
Western air forces are not intended for warfare. If 
they were, they would be equipped with aircraft that 
can be hidden in places so obscure and numerous that 
it would not be worth trying to hit them. 

New ideas take a long time to be accepted. For at 
least the first ten years it was fashionable to deride the 
vectored-thrust V/STOL by repeating parrot-like 
clichés which revolved around the belief it must suffer 
severe penalties, or have an oversized engine, or be 
unable to fly far, or carry a useful load. Only very 
gradually has the truth become accepted by minds 
that were all but closed. The truth is that in military 
aviation vectored thrust is as fundamentally import- 
ant as the wing. The Harrier was the pioneer, and the 
starting-point for the future. 


Haslemere, England, 1981 Bill Gunston 
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Triggered by the Berlin blockade and other hostile 
acts by the Soviet Union, the nations of Western 
Europe and North America formed the North 
Atlantic Treaty Organization (NATO) in 1949, A 
year later the North Koreans invaded South Kore; 
plunging many nations into war, a mere five years 
after World War 2. After a seemingly brief spell of 
reduced defence budgets, the Free World realised it 
had to protect itself, and great efforts were made to 
re-arm and make up for lost time. 

Helped enormously by generous funding from the 
United States, the European NATO countries ex- 
panded their output of military aireraft, and also con- 
structed the largest-ever peacetime military infra 
structure — a word, typical of the proliferating military 
jargon of the Americans, meaning fixed installations 
such as airfields, base depots and fuel pipelines 
There were plenty of military airfields already in 
Western Europe, but they were of wartime size and 
layout, and scattered right up to the Iron Curtain. 
They were pleasant places — Fassberg, Wunstorf, 
Celle, Búckeburg and Fürstenteldbrück, for example 
= but it did not need much though to appreciate that 
in the event of the Warsaw Pact armies rolling west- 
wards these bases would be overrun in hours. So the 
equivalent of well over £1,000million in today’ 
money was spent in creating a belt of modern airfields 
much further west, along the approximate line of 
Germany's western frontier. 

These lacked the mature character of the old air 
fields, for they were made of prefabricated concrete, 
steel and aluminium. They had a single runway 8,200- 
12,000ft long, a slim ‘tower’ on the American plan 
housing electronics supplied by US companies, and 
armies of yellow earthmovers churning a landscape of 
mud. From the air they formed an impressive sight. 
The white runways stood out from 30 or 40 miles 
away, often not much more than their own length 
apart. The new NATO ‘basic operating platforms’ 
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were hailed as real airpower, on to which were flown 
the F-84s, F-86s, Hunters, Mystères and other 
modern warplanes. 

Nobody could deny that these were superior bases 
for modern jets. On a hot day a heavily loaded F-84G 
could barely use the old wartime fields, where at such 
places as Bitburg, Spangdahlem, Zweibrücken and 
Gros Tenquin there was a mile of conci to sparc. 
When the first supersonic fighters arrived — the first 
F-100C slammed on to the concrete at Bitburg on 12 
March 1956 — there was no problem. NATO's air 
forces had come a long way since 1949, and were well 
satisfied with the results. 

A week before the first F-100 arrived at Bitburg an 
elderly Frenchman had climbed the steps to the 
French Air Ministry in Paris. He was Michel Wibault, 
once a famous aircraft designer whose metal mono- 
plane fighters had been every bit as advanced in their 
day as the F-100, In his bricf-case were plans for a new 
kind of fighter of novel design. He was not one of the 
ses who continually bom- 
staffs with proposals for fantastic but 
impractical weapons. His ideas were worth morc than 
the usual polite letter expressing regret, But on this 
occasion he seemed to have sontething a bit ‘far out’, 

He called it Le Gyroptére. It was a small aircraft for 
combat purposes - Wibault was not too specific on 
whether it was a fighter or a ground-attack platform 
with a totally new kind of power-plant giving it VTOI 
(vertical take-off and landing) capability. 

The Gyroptére was far from being the first pro- 
posed VTOL combat aircraft. In the early 1930s 
pilots of powerful lightweight biplane interceptors 
had found they could ‘hang on the propeller’ nosc- 
upwards, at below the rated full-throttle height for 
the engine — though at speeds so low that they lost 
aileron control and rotated in the opposite direction 
to the propeller. In 1944 the Luftwaffe actually flew 
prototypes of the Ba349 Natter, a rocket interceptor 
that was launched almost vertically, and thus did not 
need an airfield. At the same time the Focke-Wulf 
company completed preliminary studies for a VTOL 
fighter intended to stand on its tail and screw itself 
into the air like a helicopter using three Triebflugel 
(thrust-wing) lift/propulsion systems. The Triehflugel 
was a wing with a ramjet or turbojet on its tip, 
mounted on a free-running ring round the mid-fuse- 
lage. Using Pabst ramjets the fighter was calculated to 
reach 621mph and climb to over 26,000ft in 100 
seconds, then pushing over with its tail controls into 
normal horizontal flight and destroying opponents 
with four heavy cannon. After the war the US Navy 
had picked up the idea, but preferred to use nose 
contraprops driven by the 5,500shp Allison XT40 
turboprop. The Lockheed XFV-1 and Convair XFY- 
1 were extensively tested in an effort to find a VTOL 
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fighter that could operate from the decks of ordinary 
ships. 

Wibault rightly judged all tail-sitters difficult to fly 
and hazardous, Even the eminently simple R 1 
13 Vertijet, which was just a small delta aircraft 
whose Rolls-Royce Avon turbojet put out morc 
thrust at low altitudes than the gross weight, did not 
appear to offer the basis for a practical combat air- 
craft. Bell seemed to be on to a better idea with 
swivelling or vectored thrust. The original Bell VTO 
of 1954 had been thrown together from bits of other 
aircraft, and its two J44 turbojets could be pivoted 
through 90° to lift it off the ground. Bell's next VTOI 
aircraft, the X-14, had two Viper turbojets with tail- 
pipe deflectors under the cg (centre of gravity) of the 
aircraft to angle the jets vertically down when in the 
jet-supported VTO mode. Rolls-Royce were exten- 
sively researching the whole problem, initially with a 
‘Flying Bedstead’ with two turbojets end-to-end with 
90° angled jetpipes, and proposed to promote jet lift 
using batteries of very light purpose-designed lift jets 
= possibly several dozen in each aircraft! In Wibault’s 
own country SNECMA was flying an Atar turbojet 
mounted vertically with landing gear and pilot seat, 
preparatory to building Count Zborowski's annular 
wing Coléoptére VTOL fighter — but that was to be 


Above: The Wibault Gyroptére was a bold and original concept, but 
militarily unattractive and technically inetficient./BAe 


another tail-sitter. Wibault believed in the flat-riser. 

The purpose behind many of these VTOL schemes 
was simply that the technology of the gas turbine had 
made them available and capable of realisation, In 
Rolls-Royce several 
dozen engines per aircraft sounded good for business, 
even if individually the engines were simple and 
cheap. But Wibault was motivated by the nagging 
belief that МАТО” splendid infrastructure of run- 
ways, hangars, maintenance stores and jet-fuel pipe- 
lines could all go up in fireballs in the first few seconds 
of a European war, He had discussed the matter with 
gencrals and politicians, and though all understood 
and appreciated the problem, none had an answer. It 
appeared that modern combat aircraft needed two 
miles of concrete 

Hence the French designer's curious Gyroptére, 
which was lifted off the ground by four nozzles evenly 
disposed around the cg. They were not turbojets but 
nozzles for cold air blown out by four large centrifugal 
compressors. Around cach compressor was a rotating 
scroll, whose exit pipe terminated in the thrust 
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nozzle. When the four scrolls were rotated through 
90° the exit pipes lay horizontal under the belly of the 
aircraft, giving forward thrust. Wibault naturally 
chose the most powerful engine available to drive the 
four compressors and selected the Bristol BE.25 
Orion turboprop, which though normally flat-rated at 
below 5,000shp actually generated a sea-level ther 
modynamic power of over 8,000shp. This sufficed for 
a total vectored-thrust (lift/thrust) installation suit- 
able for a Gyroptére able to fly useful combat missions 
= though it had no chance of being supersonic 
Wibault visited various groups of offi 
found that his best bet was the Amcrican-funded 
MWDP (Mutual Weapons Development Program) 
and NATO's own Agard (Advisory Group for Acro- 
nautical Research and Development). Col Willis 
Chapman of MWDP had the Wibault scheme fully 
evaluated. Nobody could refute the idea, nor the 
urgent need for it; but nobody liked the engineering. 
The great Theo von Kármán of Agard was instantly 
captivated by the fundamental concept. ‘Ah,’ he said, 


Above right: Wibault's proposal was to use a powerful в 
drive four high-capacity blowers discharging through scrolls which 
could be vectored to give lilt or thrust, Rolls-Royce 


Right and below: The historic sketch of the BE.48 and memo by a 
Bristol engineer which transformed the Gyroptère into the V/STOLs 
we know today./Rolls-Royce 
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‘vectored thrust with a jet.’ Vectored thrust was not 
new, but this was the first time anyone had seen it on a 
jet aircraft — albeit one whose jets came from shaft- 
driven blowers. The consensus of opinion was that 
NATO and the Free World really needed a combat 
V/STOL, and the Frenchman's idea was sound; but 
he had perhaps not thought the actual design through 
sufficiently. It was a case for expert technical opinion 
The people who came to mind first e Bristol Acro- 
Engines, whose Orpheus turbojet was standard 
engine for NBMR-1 (NATO Basic Military Require- 
ment 1), a tactical fighter competition won by the Fiat 
G91. With Wibault's agreement, Chapman brought 
in Stanley Hooker. 

Sir Stanley, a great Rolls-Royce engineer who had 
changed horses to become Technical Director at 
Bristol, had been keenly aware of jet V/STOL but 
could find no way to get into the act. The British 
had plumped for the Rolls-Royce 
jet, or composite, scheme, which was in a 
monopoly position and protected by Derby patents. 
Hooker had occasionally had a few minutes to study 
V/STOL but had not put any of his project engineers 
on to this field. But he at once accepted Chapman's 
invitation to Paris in July 1956 and listened to the 
briefing. Wibault proposed a scheme which offered 
three important things: it offered a scheme for a 
single-engined flat-rising V/STOL; it was a true lift/ 
propulsion engine with fully vectoring thrust; and the 
four nozzles could be ideally disposed about the cg 
(centre of gravity) of both the power unit and the 
aircraft. On the other hand, no engineer could warm 
to such a cumbersome and heavy arrangement with 
bevel gearboxes, shafting and rotating scrolls. 

A week or two later a Bristol engineer, Gordon 
Lewis (today RR Director of Engineering at Bristol) 
had drawn a more elegant scheme which circum- 
vented the clumsy features. He made the Orion drive 
through a reduction gearbox straight to a front fan 
formed from the first two stages of the big Olympus 
turbojet. This delivered air to left and right nozzles 
which could be vectored down through 90° to give lift. 
This project was designated Bristol BE.48, but 
though a great improvement it was still only a step 
along the road. Further study showed that, instead of 
an Orion, the drive could come from an Orpheus 
turbojet, a light and simple gas generator able to give 
about the same shaft-power for less weight and co: 
Moreover, not only did this match ideally with the fan 
but the drive could come from a separate LP (low- 
pressure) turbine added behind the Orpheus and with 
its shaft fitting inside the existing tubular HP (high- 
pressure) shaft of the Orpheus. This enabled the re- 
duction gearbox to be eliminated. Thus was born the 
BE.53. 

This offered a vectored thrust of about 8,000Ib, and 


was much more attractive than Wibault's arrange- 
ment. It was judged that a V/STOL military aircraft 
would have two of these engines, the total thrust then 
being great enough to lift a typical modern fighter/ 
bomber. In late 1956 Hooker discussed the idea with 
the Ministry of Supply and with the parent Bristol 
Aeroplane Company board. Both were interested, 
but as the Ministry had no Service requirement there 
was little it could do - though Hooker formed the 
view that some kind of go-ahead within industry 
would be welcomed. After further refinement, at a 
low priority, and a typical British succession of official 
meetings that seemed to lack any objective, Hooker 
decided to talk to aircraft designers. He began with 
Hawker Aircraft. 

This famous company at Kingston upon Thames 
had a global success in the Hunter fighter, and was in 
the process of spending £1million of its own money on 
a larger Mach 2 successor, the P.1121. For the first 
time the Chief of the Air Staff had not enthused over 
the next generation as proposed by the company's 
technical director, Sir Sydney Camm. With hindsight 
we can see that the P.1121 would have been a fine 
multi-role aircraft that in world markets would have 
given the F-4 Phantom a run for its money, as well as 
putting real muscle into the RAF. But the British 
official view had become polarised around the way 
that missiles could (it was thought) take the place of 
manned aircraft. Defence Minister Duncan Sandys 
was at that moment writing his famous - most people 
say infamous — White Paper that emerged on 4 April 
1957. It said the RAF would be 'unlikely to require” 
any more manned fighters or bombers. There was one 
exception, a multi-role reconnaissance bomber that 
grew in size and weight until it was obvious the P. 1121 
could not meet the demands (it led to the TSR.2). In 
February 1957 Camm, and the Hawker Siddeley 
board big guns such as Sir Frank Spriggs and Sir Roy 
Dobson, were up against a stone wall. It seemed 
incredible that the prototype of a fine next-generation 
fighter/bomber should be actually taking shape at 
Kingston while the customer was refusing to show 
interest. And at this moment the BE.53 brochure 
landed on Camm's desk. 

Camm is probably the most famous of all British 
aireraft designers. Though he was a great engineer 
who loved the elegance of simple design, and a great 
teacher who commanded respect and affection 
among his staff, he was a rather untypical aircraft 
person. Because of his intense care for the Hawker 
reputation and the lives of future pilots he tended to 
dislike and distrust new ideas. He wrote a brief 
memo, clipped it tothe brochure and passedit to Ralph 
Hooper. Then he got on with the mainstream: trying 
toturnthe P.1121 into the twin-engine, twoscatP.1129 
to win the only military-aircraft deal in prospect. 
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Hooper and his colleague and office-sharer John 
Fozard (former Project Engineer P.1121, and then 
chief ulcer-getter on the 1129) were not terribly im- 
pressed by ће BE.53. The thrust at the rear had to be 
cancelled by rotating the two vectored nozzles 
through well over 100° to blast partly forwards, and 
this reduced the available lift in VTO, The nozzles 
themselves were clumsy bent elbows to which were 
attached long upstream fairings which were very un- 
attractive in the VTO mode in which the aircraft had 
to accelerate to high forward speed with nozzles de- 
flected. By March 1957 Hooper had drawn a three 
view of a project designated P.1127 but this was 
clearly not going to carry much, nor fly far, nor reach 
high speeds. The whole thing might have been 
dropped, but the vital need for a long-term future 
project kept it alive; and, as the future of the 1121 and 
1129 became bleaker, so did the 1127 gain 
momentum. 


Left: The very first P. 1127 th 
Kingston in March 1957./BAe 


iew, prepared by Ralph Hooper at 


Below left: A month later more attractive solution had been found, 
though it was still incapable of VTOL. /Rollv-Rayce 


Below: By June 1957 pressure from Hawker Aircraft had led to the 
novel idea of "four-poster' thrust and lift from two pairs of nozzles 
ganged together. This was the aircraft that resulted./BAe 


Fozard hit on the idca of bifurcating the jetpipe, as 
had been donc on an earlier Hawker fighter, the Sea 
Hawk, to discharge through a second pair of vector- 
ing nozzles rotating in unison with the first. He also 
knew that nozzles can be smaller and lighter if they 
contain a cascade of multiple curved vanes to turn the 
flow, and drew a new engine with five-vane nozzles 
giving ‘four-poster’ lift. Timidly the idea was put to 
Bristol. As there was no response, the suggestion was 
put more loudly, together with the belief that it would 
be a good idea if thc LP and HP spools rotated in 
opposite directions. This would reduce if not cancel 
out the engine's gyroscopic torque, which the 
Hawker engineers could see would be very powerful 
on a small hovering aircraft whose fuselage axis could 
pivot rapidly. This time there was a response: the 
engine designers said the bearings would not take the 
loads. But by this time Kingston and Bristol were 
constantly talking, and after about six months the 
engine team went along with not only the four-poster 
idea but also contra-rotation. A new fan was designed 
with mirror-image blading to rotate in the opposite 
direction. As a result, the resultant gyroscopic couple 
fell close to zero. Another advance, by the engine 
team, was to use a common inlet for the whole engine 
flow, so that the fan supercharged the core. Engine 
weight was reduced, and the plenum chamber down- 
stream of the fan delivered compressed air to the 
front nozzles and the HP compressor, with minimum 
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frontal area and installation problems. The engine Аро oncept of vectored-thrust V/STOL links the engi 
designed BE.53/2. aircraft in a new way. These Bristol drawings show how the world's 
The ultimate form of the original aircraft studies — first purpose-designed jet lift/eruise engine evolved./Rells-Royce 
was abandoned in June 1957 and replaced by a more 
attractive machine with four-poster jet lift from the 
BE.53/2 engine. This could achieve VTOL, and the 
first complete drawing of this family dates from 
August 1957, Engine thrust for VTOL had risen in 
this configuration to 9,0001b, but some juggling with 
bypass ratio (the ratio of flows through thc front and 
rear nozzles) was needed to adjust the flows so that Below; There was tight control on the P.1127 development budget, 
the jets from the front nozzles (which in today's but it had to stretch to include a tunnel model to explore the overall. 
Harrier are at about the temperature of boiling water) cffect of the puffing and blowing which was unprecedented in its 
gave about the same thrust as the two hot-gas jets at — Variabiliy,/BAe 
the rear. The bypass ratio to do this was around 

1.35:1. In early 1958 the Bristol board decided that, 
though the whole thing still looked fraught with 
problems for no evident market, they would go ahead 
with a BE.53 design if funding could be found for 
three-quarters of the cost. MWDP promptly agreed, 
Bristol paying the other 25 per cent. The initial pro- 
gramme comprised six engines, two for bench testing 
and four for flight. Though the estimated develop- 
ment bill escalated, as these things have a habit of 
doing, neither MWDP (on behalf of the US taxpayer) 1 
not the Bristol company wavered in their faith and 


Above right: By 1958 the Р. 1127 had reached its familiar form, 
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determination, and the first BE.53/2, by this time 
named Pegasus 1, ran at Patchway, Bristol, in 
September 1959. 

Gradually Camm had allowed more and more of 
his engineers to work on the P.1127, though he still 
showed even less enthusiasm for the weird bird than 
he tended to show for any new project. For two years 
Hawker Siddeley's board allowed design study and 
then actual engineering design to continue at com- 
pany expense. By 1958 a major change had spun off to 
alter the engine. A V/STOL needs jet reaction con- 
trol valves (RCVs) at its extremities to impart forces 
to control it in hovering flight, when ordinary control 
surfaces have no effect (because there is little or no 
airflow over them). The obvious way to arrange re- 
action controls is to feed the RCVs with air bled from 
the engine. Hooper bled off fan air through 
aluminium pipes which seemed to be thc best 
solution, but it was found that, to get thc RCV thrust 
needed, the pipes had to be too large to fit inside the 
airframe! The only answer was to bleed air at much 
higher pressure and temperature from the HP de- 
livery and take it through pipes of stainless steel. A 
continuous-bleed system was adopted, feeding RCVs 
blowing downwards (to add to the lift) at the wingtips 
and nose and tail, the two latter valves being able to 


swivel laterally to control the aircraft in yaw. 

In March 1959, in the continuing absence of official 
interest, Hawker Siddeley took the courageous deci- 
sion to commit funds to the manufacture of two pro- 
totype P.1127s, and drawings were released to the 
Kingston experimental shops in the same month. The 
design had crystalised as a necessarily small and 
simple machine, with the engine on the centre of 
gravity, the wing above the engine, bicycle landing 
gear with wingtip outriggers, and an airframe de- 
signed to the same limits as the Hunter of 620 knots 
EAS/Mach 1. In fact it was doubtful that it would be 
able to reach these limits in level flight, but it was still 
reasonable to regard the 1127 asa light ground-attack 
aircraft rather than a pure research machine. It was 
sad that neither the Ministry nor RAF were allowed, 
by their own choice, to show any interest in such an 
aircraft, but at Fontainebleau and in Paris the NATO 
staff were drafting NBMR-3, a new basic military 
requirement for an aircraft to replace the G91. 
V/STOL capability was by 1959 seen as a desirable, if 
not essential, attribute. Thanks to Britain's allies the 
funding — which soon exceeded $10million — kept the 
engine on schedule. Hawker, having already lost 
£l million on the P.1121, began to detect a faint thaw 
in ministerial corridors by 1960, as officials began to 
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feel their careers might not be imperilled by daring to 
talk to Hawker about the P.1127. 

To meet the demand for HP blecd air Bristol had 
changed the core from the Orpheus 3 to that of the 
dimensionally similar Orpheus 6, which in turn re- 
quired a rematched two-stage HP turbine in an 
engine called Pegasus 2 (BE.53/3). The first 53/3 ran 
in February 1960, giving 11,0001b thrust. But then a 
new problem emerged: preliminary tunnel testing 
and various theoretical calculations suggested that 
the aircraft would be unstable. When accelerating 
ahead from VTO, in partially wingborne flight with 
the jetsat an intermediate angle, the P.1127 appeared 
liable to run into uncontrollable divergence in pitch, 
and tumble nose-over-tail. There was a chance that a 
skilled pilot might be able to accelerate through the 
"impossible" regime fast enough to avoid disaster, but 
this is no way to design aeroplanes. British govern- 
ment tunnels were not allowed to be involved, but it 
so happened that one of the great American aero- 
dynamicists, NASA's John Stack, had become ex 
cited at the possibilities of both the P.1127 and its 
value as a rescarch tool in hisown tunnels. He author 
ised the construction by NASA of a one-sixth model 
of the P.1127, complete with jet nozzles fed from two 
internal fans driven by HP uir acting on tip turbine 
blades. It was the nearest possible approach to a real 
1127, and Marion McKinney put it in the great 30ft by 
60ft tunnel at Langley and on 18 January 1960 began 
the first really large and detailed P.1127 aircraft test 
programme. Eventually the model was being flown 
by four pilots, scated in cubicles round the working 
section and each controlling one variable, By 4 
February a complete forwards transition had been 
made from VTO into wingborne flight, with no 
trouble except when the air hose broke free and 
blasted the model with air at 3001b/sq in. NASA also 
built a smaller metal model tested in a transonic tun- 
nel, and did STO and rolling landing tests out of doors 
on a giant whirling arm. They let Hawker chief test 
pilot A. W. (Bill) Bedford and colleague Hugh 
Merewether fly the Bell X-14 and a variable-stability 
helicopter, and play with a simulator programmed to 
fly like a P.1127. 

Maybe all this positive assistance helped in shaming 
the British officials into taking notice. In June 1960 
the Ministry of Supply at last decided the kingdom 
might not be endangered if it provided financial cover 
for the two P.1127s, and it not only repaid the 
Hawker board their costs but issued serial numbers 
XP831 and 836, and drafted a contract. It had to be 
made clear that the P.1127 was not actually a light 
ground-attack fighter, or any other kind of manned 
military aircraft, but a pure research machine; and the 
Experimental Requirement ER.204D was duly 
issued. Then the officials were thrown into a panic by 
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Above: XP831 at Richmond Road before it was taken to Dunsfold; 
the photograph shows the first trial fit of a BE.53 engine /BAe 


Above right: XP831 hover 
black/white camera targets and with tufted rear fu 


ng in October 1960, unpainted except for 
elage. Де 


cached RAE Bedford the first 
it is pictured with the RAT extended 


Centre right: By the time it 
hada presentable appcaranc 
(BAe 


Bottom right: Ground-effect model sucking at (wo inlets and blowing 
at four jets; note the date./BAe 


the fact that the Pegasus engine had not been de- 
signed to British official requirements, and was not 
covered by the necessary documentation, By August 
the necessary paperwork had been created, and the 
Pegasus 2 cleared at 11,0001b for 15 hours of flight in 
the VTO mode or 20 hours in conventional flight 

XP831 was completed with temporary bellmouth 
air inlets to ensure good airflow. Despite this, the 
margin between installed thrust and gross weight was 
very small, and even the radio was removed and 
replaced by a ground intercom link. It was wheeled 
out to a metal grid flush with the surface of the com- 
pany airficld at Dunsfold, Surrey, and tethered by the 
outrigger and nose gears to weights locked under the 
grid. After engine running and shakedown tests, Bed- 
ford — with a broken leg in plaster — lifted the wheels 
off the ground on 21 October 1960. 
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The Kestrel 


The initial flying of the first P.1127 was shared by 
Bedford and Merewether, who took over as chief test 
pilot in 1967. It was at once clear that, though the 
problems were not quite as hair-raising as on the 
NASA simulator, hovering control was not all it 
might be. The swivelling nose and tail RCVs were 
quite unable, even with a whole bootful of rudder 
pedal, to counter the inlet momentum drag and stop 
the aircraft pirouetting round tail-on to the breeze. 
The fact that each time one of the tethers was pulled 
out to full stretch it injected a sudden snatch load at 
one of the attachments made hovering a full-time job. 
Merewether said it was ‘rather like trying to master a 
bicycle in childhood by riding down a narrow cor- 
ridor'. Not least of the problems was that at rest the 
aircraft tipped sideways on to one outrigger, and as 
the throttle was opened there was inadequate roll- 
control to bring the wings level so that, instead of 
lifting upwards, XP831 slid sideways, scrubbing the 
tyres across the grid. 

Standing further back the problems were even 
greater. The 1957 Defence White Paper continued to 
cast a long shadow. It had made the whole 
programme very difficult to start, eliminated the 


possibility of normal British funding except on a basis 
of pure research, and severed normal links between 
the manufacturer and a military customer such as the 
RAF or Royal Navy. Stemming from this, Camm had 
been constrained to kick off with the smallest aircraft 
possible, without any real military capability. This 
compounded the RAF's lack of interest, which was 
made total by the pervading belief that, if it did have 
any future manned aircraft, such aircraft had to ex- 
ceed Mach 2, a belief which for the ten years 1958-68 
also excluded the excellent Buccaneer from being 
acceptable to the RAF. Had the RAF not so misled 
the gullible Defence Minister back in 1957 and kept 
an open mind on procurement there is no doubt the 
P.1127 could have been a different beast from the 
start and had two engines, or a bigger engine, and 
been a highly potent weapon platform. The flight 
development would still have been a major task, but 
it would have started with a different attitude and a 
different objective linked to early operational usc. 
As it was, the first P.1127 was not so much an 
impressive achievement as a demonstration of future 
potential, and the tragedy was that for silly political 
reasons the important decision-takers were forbidden 
to sec the potential or show enthusiasm. The creation 
by Camm and Hooker out of Wibault was small, noisy 
and quite new in appearance, but in most respects it 
was not a ‘first’. It made little usc of any previous 
technology, but had in fact been preceded by 
numerous V/STOL aircraft as shown in the list on this 


page. 


Above right: XP972 introduced a new wing and revised deflector 
fairings downstream of the hot rear nozzles./BAe 


Right: By 1961 XP831 had most of the missing parts restored, insignia 
applied and the tail parachute added, Here the RAT (ram-air 
turbine) can be seen extended ahead of the fin. /BAe 


accomplishment 


VTO fighter 
VTO fighter with hovering capability 

Vectored-thrust main engines (not VTOL) 

Jet flat-riser VTOL with pivoting engines and air-bleed 


stabilisation system 


Stablisation airbleed from main engines 
High-speed (500 mph) single-jet VTOL, achieved transition 


to and from wing-supported flight 


Some VTOL ‘Firsts’ 
aircraft first 
fight 
Bachem Ba349 Natter 1944 
XFV-1/XFY-1 1953 
Deflected-jet Meteor 1954 
Bell VTO experimental 1954 
R-R Flying Bedstead 1954 
Ryan X-13 Vertijet 1957 
Bell X-14 1957 


Jet flat-riser VTOL with vectored thrust; also achieved 


transition 
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It was in the overall conception that the P.1127 
offered new capability. It was not an impractical tail- 
sitter but a flat-riser. It was not a low-speed research 
aircraft but potentially as fast as such fighters as the 
Sabre and Hunter. It was inherently simple, with a 
single engine. Where it did break new ground was 
that the pilot had a new flight control. Back at King- 
ston in 1958 there had been great arguments about 
whether the P.1127 should have a helicopter-type 
collective lever, with the throttle as a twist-grip on the 
end. At last it was decided to use a conventional 
throttle working in a ratchet box containing a 
hydraulic dashpot and spring: To go from lift to thrust 
the hydraulic valve was shut, and the spring slowly 
rotated the nozzles from the downwards-pointing 
VTO mode to the rearwards-pointing forward-flight 
mode in 20-30 seconds without the pilot taking his 
hand off the throttle. To go from thrust to lift the pilot 
moved the throttle to the rear, and with the valve 
open the nozzles rotated immediately under the in- 
fluence of the spring on the control system. During 
1961 the dashpot was eliminated, then the ratchet, 
and finally the pilot ended up with a much better box 
carrying two levers, a normal throttle and a precise 
and immediate nozzle lever. 

Bedford had gone along with Camm’s belief that 
flying should start in the hovering mode, and for this 
reason 831 had been completed with the large bell- 
mouth inlets. Fach time the bird rose above its grid 
much was learned, and modifications followed at a 
rapid pace. On 19 November 1960 the hated tethers 
came off - Camm said they had been put there at the 
insistence of the Ministry - and Bedford found it was 
‘like freeing a bird from a cage’. Free hovers became 
daily surer and more accurate until the time came to 
attack the problem from the other end: in conven- 
tional flight. XP831 went back into the shops for a 
complete rebuild of the RCV system and many other 
parts, emerging with an intermittent-bleed system 
and new yaw RCVs at the tail, driven by the rudder to 
squirt left/right in place of the swivelling pitch RCVs 
But fast taxi tests showed terrible problems with free- 
dom in roll, caused by the main gear hanging lower 
than the outriggers, poor nosewheel steering and 
severe shimmy (sideways oscillation) by the out- 
riggers. Wavy lines left by molten rubber scarred 
Dunsfold, but various fixes had eased things when the 


Above left: XP980 was not a Kestrel but the fifth P. 1127, though it 
had various Kestrel features such as tailplane anhedral and ventral 
Strakes. It is seen with black rubber-bag inflatable intakes./BAe 


Left: Inflatable engine inlets were fitted to the first P. 1127 by the time 
itwentto sea for the first time, aboard Ark Royal. The wing has been 
modified and ventral strakes fitted, but the tailplane is horizontal 
IBAe 


aircraft went to the RAE (Royal Aircraft Establish- 
ment) at Bedford in March 1961. Still with the bell- 
mouth inlets, Bill Bedford made the first takeoff on 
13 March, lifting off at at least 150 knots with flaps up 
to avoid powerful nose-down pitch, and incidentally 
far out-accelerating the chase Hunter. 

In July 1961 the second aircraft, XP836, took its 
place in the flying schedule. Everything worked in 
836, all the fairings were on, and the inlets were 
sharp-lipped for high-specd flight. This aircraft made 
conventional takeoffs and progressively brought the 
speed down close to the stall at around 90 knots; 831 
made VTOs and progressively accelerated ahead to 
speeds closer and closer to 90 knots, the pilots ‘crack- 
ing’ (vectoring) the nozzles with more and more con- 
fidence. Finally in early September 1961 the two sets 
of trials met, and on the 12 September Bedford and 
Merewether each made complete accelerating and 
decelerating transitions. The Ministry sent an angry 
letter because it had been done without their permis- 
sion; Bedford apologised and explained that he had 
decided it was better to go on and fly on the wings 
than try and stop in the remaining length of the 
airfield! 

This was the first time a transonic aircraft had 
accomplished transition to and from V/STOL flight 
Henceforth the P.1127 could fly at any speed from 
about 20 knots backwards to speeds close to that of 
sound. In fact, though it was not a specific design 
objective, the 1127 exceeded the speed of sound in 
December 1961 and a few days later reached Mach 
1.2 in a dive 

While this was in progress much was going on else- 
where. In late 1960 the Ministry of Supply had funded 
four additional P.1127s, and for the first time openly 
called them not ‘research aircraft’ but ‘development 
aircraft’, the nuance suggesting that there might be 
some kind of operational military aircraft at the end 
of the road. In France the NATO staffs had decided 
the future did indeed lie with V/STOL, and in March 
1961 issued two Basic Military Requirements that 
could have transformed the NATO air forces. 
NBMR-3 called for a V/STOL close-support strike 
fighter, and NBMR-4 for a V/STOL transport. What 
happened to this bold objective is outlined in the next 
chapter. 

From 1961 the NBMR-3 programme dominated 
most of the air staffs and planemakers in the NATO 
nations, including Camm and Hooker. The P.1127 
became mentally downgraded to the status of the 
small research aircraft that would underpin the much 
more advanced machine with supersonic perform- 
ance to meet the NBMR-3 requirement. In 1961 
nobody expected a military aircraft to emerge directly 
from the P.1127 and Pegasus except perhaps a train- 
ing or indoctrination machine. This view was strongly 
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Above: The short-lived second prototype. with its glass-fibre nozzles 
at 60°./BAe 


Far right: The first production Valiant was used usi flying testbed for 
the Pegasus 2 and 3 which was installed una pod that made no attempt 
to duplicate the P.1127,/Rolls-Royee 


broadcast by the RAF, which did not regard the 
single-Pegasus aircraft as worthy of consideration — 
though there was interest in the NBMR-3 because 
this was supersonic, impressive, and not subject to 
the taboo of the Bri Defence White Paper. 

This is a convenient place at which to record the 
many changes in the airframe and engine companies. 
In 1963 Hawker Aircraft Ltd became the Hawker 
Blackburn Division of Hawker Siddeley Aviation 
(HSA). In 1965 HSA was reorganised into a single 
company, remaining such until in 1977 it became the 
Kingston-Brough Division of British Aerospace, 
which in turn is now BAe (PC) Ltd. As for the engine 
supplier, Bristol Acro-Engines merged with Arm- 
strong Sideley Motors in April 1959 to form Bristol 
Siddeley Engines Ltd (BSEL), the BE.53 subse- 
quently being designated BS.53. Later BSEL swal- 
lowed de Havilland Engines and Blackburn Engines 
and, unfortunately, was in turn absorbed in 1966 into 
a gigantically expanded Rolls-Royce Ltd. It retained 
some identity as Bristol Engine Division (BED) until 
in 1976 it became merely a major part of the Rolls- 
Royce Aero Division. Fortunately the people who 
actually did the work survived these traumatic 


changes without too many unnecessary extra 
problems. 
One of BSEL's early changes to the Pegasus was to 


change the material of the front nozzles from glass- 
fibre reinforced plastics (GRP) to steel. This was 
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because, on 14 December 1961, while Bill Bedford 
was flying the second P.1127 over Somerset, the left 
front nozzle came off, RNAS (Royal Naval Air 
Station) Yeovilton was handy and Bedford tried to 
make an immediate landing. Merewether, flying 
chase, did not see the nozzle missing or he would have 
said ‘No flaps," because of the asymmetry. With flaps 
lowered and speed reduced the P.1127 entered a roll 
which could not be corrected, and ejection was the 
only answer. 

There were further incidents in which the engine 
played a part. On 30 October 1962 Merewether was 
engaged in tight turns in XP972, the third aircraft, 
when the compressor blades rubbed on the casing and 
started the first-ever titanium fire. Merewether did 
not eject but pointed the aircraft at RAF Tangmere, 
just as Neville Duke, a former Hawker chief test 
pilot, had done with a Hunter a decade earlier, The 
gear was extended by emergency air at the last 
moment and failed to lock, but the aircraft was to fly 
again. Far more public was the maddening failure of 
the nozzle-motor control system as Bedford was 
hovering in the original prototype in front of about 
110,000 people at the 1963 Paris Air Show. AII four 
nozzles rotated to the rear, quite slowly but still too 
fast to give the aircraft significant forward speed so 
that the wing could lift. The P.1127 slumped to the 
ground hard enough to be said to have crashed. The 
cause was a speck of grit in the nozzle air-motor 
servo. Later this aircraft too was repaired, as outlined 
in the Appendices at the back of this book. 

From the start the United States aircraft industry 
and Department of Defense watched the P.1127 
closely, because, though it could be good for the 
West, at the same time it presented commercial com- 
petition in a field where the British engine companies 
held powerful patents. On 14 January 1961 a joint 
announcement by the newly created British Ministry 


—————— 


of Aviation and Federal German government pro- 
claimed imminent negotiations for ‘joint develop 
ment of a VTOL lightweight strike fighter on the basis 
of the P.1127. The British Minister, Peter Thorney 
croft, then at once moved on from Bonn to Rome. 
This triggered reactions in Washington, where for 
four years British military aircraft development had 
on Britain's own insistence been virtually discounted 
The little Hawker project appeared to be a good thing 
to be involved with — though to what extent the moti- 
vation was one of avoiding difficult competition is 
hard to judge. The American response, pushed 
especially strongly by the Army, eventually r 
ised as the suggestion that Britain, the U 
Federal Germany should jointly fund a Tripartite 
Evaluation Squadron (TES) to be "equipped with 
aircraft of P.1127 or similar type’ and with personnel 
drawn from the three national armed forces. 

Thus in early 1962 things appeared at last to be 
moving, and in several directions. In Britain the 
paper study of an “ultimate P. 1127," drafted in 1959 as 
Operational Requirement 345, merely to see how 
such an aircraft might perform and what it could do 
for the RAF, was cancelled, without its existence ever 
having become known to the public. This was because 
the RAF continued to be polarised around Mach 2, 
and henceforth put all its talents and operational 


planning into the P.1154, as described in the next 
chapter. Germany, the United States and how 
ever, viewed the P.1127 with intense interest 
Northrop, sensing possible adoption by either the 
USAF or US Army (and the latter saw in the British 
project a way of evading the restrictions on its fixed- 
wing equipment), announced in January 1962 it was 
collaborating with Hawker on V/STOL strike fighters 
and would build the P.1127 in the event of an 
American order, 

From before the start of hovering tests in 1960 it 
had been evident that 12,000lb was inadequate thrust 
for a useful single-engined V/STOL, and Bristol 
Siddeley accordingly developed the Pegasus 3, which 
ran on the bench in April 1961 and flew in April 1962 
with an initial cleared life of 30 hours. Its chief modi- 
fication was a new HP spool, with an eighth stage 
added at the rear of the compressor and a second 
stage added to the turbine. This gave a rating of 
13,5001Ь, shortly uprated to 14,000lb. Much of the 
basic development of the Pegasus was undertaken on 
testbeds at Patchway on which the engine or nozzles 
were inverted, to blast either to the rear or upwards, 
thus avoiding ground erosion and disturbance around 
the bed. Other than in the P.1127s all early flight 
development was carried out with the first production 
Valiant WP199, which was rebuilt to carry a Pegasus 
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Left: In 1962 the first and third aircraft were flying with black inlet lips 
ofinflatable rubber, to reconcile the conflicting demands of hovering 
and high-speed flight. Seen here on XP972, they were not a success 

IBAe 


Right: The P.1127 suffered from poor static stability due to the 
destabilising effect of the jets passing under the tailplane and severe 
pitch-up at transonic speed. Vortex generators were added, next 
came a ‘poor-man’s streamwise tip’ and in the Kestrel a new swept 
wing./BAe 


Below left: The first Kestrel had the 44.2 sq ft tail 
various other features that became standard. The insi 
assembled from that of the three participating nations, [Rolls-Royce 


in the modified weapon bay, so that the four nozzles 
were correctly disposed around the cg. 

With the Pegasus 3 the whole V/STOL flight en- 
velope of the P.1127 could be explored, and it was this 
engine that accomplished the bulk of the aircraft- 
development and research flying prior to 1965. It was 
fitted to the last three P.1127s = which were much 
needed, because by 1963 the first three were, even if. 
only temporarily, hors de combat — and these also 
incorporated various aerodynamie, structure and 
systems changes that the early flying had shown to be 
needed. In 1962 prolonged efforts were made to 
perfect an inflatable rubber lip to the inlets, rather 
like a pneumatic airframe de-icer, which could lie 
flush in cruising flight but be inflated in the jetborne 
mode. When deflated they always rippled and be- 
came torn off, and this idea was ultimately aban- 
doned. The fourth aircraft had a revised wing with 
slightly kinked leading edges giving reduced taper 
outboard. Changes were made to the outrigger stabi- 
lizing gears, RCV fairings, engine inlets, larger 
anhedral tailplane and Küchemann  low-drag 
wingtips. 

On 21 May 1962 Ministry of Aviation contract 
FGA.236 ordered nine (reduced from 18 to save 
money) further-developed aircraft named Kestrel, to 
equip the TES. These were to fly with at least some 
military load, and to operate under all weather 
conditions practicable for a basic VFR aircraft. 
Bristol Siddeley accordingly had to pull out still more 
thrust, and in June 1962 the first Pegasus 5 ran on the 
bench to mark the beginning of the final and most 
important phase of thrust-development. The fan was 
no longer based on the Olympus but as a completely 
new unit with three stages, without any inlet guide 
vanes, at the time a bold innovation. Variable inlet 
guide vanes were added upstream of the HP 


Onginal wing — 


Reworked tip ay 


Swept wing 
(Kestrel) 


Original wing 
vortex generator 
positions 


compressor, whose blading was all-titanium, the 
combustion chamber was a new fully annular type 
with vaporising burners, and the first-stage HP 
turbine was given aircooled blades. The Pegasus 5 
was designed for 18,0001b thrust but for the TES it 
was derated to 15,5001b to save time and money, The 
engine first flew in February 1964. 

Equally major changes took place in the design of 
the Kestrel. The most important was a new wing, with 
a swept planform and thicker root which altered the 
* of the aircraft and gave a humped top line to the 
fuselage. The fuselage Was lengthened by splicing in 
extra bays above the front nozzles and below the rear 
nozzles which had the effect of shifting the wing 
rearwards. The engine was given a sharper jetpipe 
bifurcation to move the rear (hot) nozzles forwards, 
and the overall result was a better relationship 
between aircraft cg, wing cp (centre of pressure, 
through which the overall lift acts) and the engine 
nozzles. Ventral strakes, retroactively fitted to the 
P.1127s, improved flow and increased pressure under 
the belly in low-altitude hovering. The landing gear 
was fitted with a new door stressed for unrestricted 
operation as an airbrake, and like the 1127 with low- 
pressure tyres for flying from unpaved surfaces. 
Under the wings could be bolted two stores pylons, 
and the nose did not carry a long instrumentation 
boom but housed a forward-oblique camera. For 
reasons of ‘cost and timescale’ the MoA unfor- 
tunately omitted autostabilization from the Kestrel 
flight-control system, despite the fact that P.1127 
flying had demonstrated its value in reducing pilot 
work-load. 

The first Kestrel F(GA).1 (Fighter, Ground 
Attack) flew on 7 March 1964, right on the heels of 
the last P.1127 — in fact, the latter aircraft was 
virtually a Kestrel itself, and all the surviving P.1127s 
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had by this time been considerably modified 
compared with the original standard. In December 
1964 the Kestrel was given full CA Release (clearance 
tor Service operations, signed by the MoA 
Controlle Aircraft). This clearance was 
unrestricted, and it was the first ever issued for any 
kind of jet-lift or V/STOL aircraft other than those 
having rotating wings. 

The TES received the last P.1127 as well as the nine 
Kestrels, and formed at Dunsfold, on 15 October 
1964, under the CO, Wing Commander D.McL. 
Scrimgeour RAF. After training, the squadron 
moved to RAF West Raynham, Norfolk, and began 
operational evaluation in April 1965. Pilots and 
ground personnel of the RAF, USAF, US Navy and 


Above: The final form of Kestrel had the same tailplane as the 
single-seat Harriers of today; but almost everything else differs./BAe 


Right: While an uninformed observer might have thought the TES 
did nothing but ‘play at V/STOL in fact it was the first unit ever to 
provide answers to countless piloting, logistic and operational 
unknowns. (BAe 


Below: The Tripartite Evaluation Squadron (TES) fight line at RAF 
West Raynham, Norfolk, in early 1965, with five Kestrels in the 
lineup. 
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US Army (but no Marines) and Luftwaffe 
accomplished most of the things they could do with 
aircraft not actually equipped to fire guns or deliver 
weapons, except occasional practice bombs, though 
the syllabus was primitive and did not include many 
important missions or techniques that could have 
been at least simulated if not actually carried out. The 
basic task assigned to the TES was to as the 
practical merits and difficulties of jet V/STOL and sce 
what it felt like, what it could do, and what problems 
appeared to be soluble or otherwise. Considerable 
emphasis was placed on off-airfield operations, 
studying dispersal, camouflage, logistic supply and 
how to live under canvas (something Western air 
forces had forgotten). 

About 600 hours were flown in 938 missions in the 
formal TES programme, completed in November 
1965, Further flying was carried out between then and 
April 1966 when six Kestrels were shipped to the 
United States, They were bought at the very low 
‘used price’ written into the original triparti 
agreement, the Federal German Defence Ministry 
having declined to purchase its three alotted aircraft 
which were transferred to the United States. One 
Kestrel had been written off, and the remaining pair 
were transferred trom the RAF back to MoA charge, 
one going to Hawker Siddeley at Brough for re- 
engining with the Pegasus 6 and the other conducting 
various trials at the BLEU (Blind Landing 


Experimental Unit) at Bedford, in company with an 
Si jet V/STOL which used the Rolls-Royce 
scheme of a battery of separate lift jets. Preliminary 
research was then undertaken into the possibility of a 
jet-lift automatic-landing system. 

In the United States the six Kestrels were 
designated Hawker Siddeley XV-6A and used, or 
misused, as pure research aircraft and hacks. 
Between March and July 1966 a considerable amount 
of XV-6A flying was accomplished, a fraction of it 
properly directed and very useful, A particular 
advance was made in operations from ships, as 
related in the chapter on the Sea Harrier, and in 
vectoring the engine nozzles in flight manoeuvres, 
Interesting fundamental research was accomplished 
by NASA, but the US military view of the XV-6A was 
coloured by the fact that it was foreign — and also a 
basic and limited aircraft rather than a fully fledged 
weapon system. Perhaps the importance of V/STOL 
is somewhat lost at bases with the biggest runways and 
some of the highest air temperatures in the world. 
Certainly the USAF strongly adhered to the view that 
V/STOL was not considered worth while, and in 1966 
still expected the F-111 to sell all over the world as the 
next-generation all-can-do military aircraft. The 
arguments formulated at that time by the USAF did 
much to hold back V/STOL combat aircraft, and 
even today make it difficult for them to be judged 
objectively by many air forces. 
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3 
Supersonic 
V/STOL 


By 1959 МАТО air staffs had begun to realise that 
any future war in central Europe would almost 
certainly be signalled by the wiping off the map, by 
nuclear missiles, of 99 per cent of NATO's air power. 
This had injected urgency into the repeated revisions 
to NATO's drafts e light multi 
role tacti 
V/STOL capability was written in, and while for a 
further year Mach 0.92 was deemed fast enough, by 
1960 supersonic speed (if possible Mach 2) was being 
called for at medium and high altitudes. 

Planemakers throughout the NA TO alliance began 
to generate paper designs at a rate never seen since 
World War 2. They got together in groups, or avoided 
each other as enemies, while Bristol Siddeley and 
Rolls-Royce ran out of bright performance engineers 
able to talk to all the would-be customers. One of the 
design teams that got on by itself was that at 
Kingston. Camm had a sixth sense that warned him of 
future changes in staff thinking, and back in 1959 had 
talked to Hooker about vectored-thrust for 
supersonic flight. The engine man said that the best 
place for boosting the engine was not downstream of 
the turbine but in the fan airflow, which was pure air 
with 21 per cent oxygen still available. Instead of 
afterburning (reheat), Hooker recommended 
burning extra fuel between the fan and the cold front 
nozzles. This was named plenum-chamber burning 
(PCB). 

By May 1960 Kingston had a firm proposal from 
Hooker for a PCB Pegasus 5 with a peak PCB 
temperature of 927°C, giving thrust raised from 
15,500Ib to 20,500Ib. At the same time Hooker began 
an in-house study of a later and even more powerful 
engine, the BS.100, which incorporated discs and 
blades from the Olympus 22R, then in full 
development for TSR.2. Both the proposed engines 
were intended for V/STOL aircraft with supersonic 
capability. Both incorporated PCB, which is based on 
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ramjet technology but involves high-intensity 
combustion around a curved path. The BS.100, 
intended for the post-1965 era, was an especially 
compact unit. Unlike the Pegasus its four nozzle axes 
were inclined downwards instead of sideways, 
reducing the angle through which the gas flow had to 
be turned and thus eliminating much of the pressure 
loss in the ducts and nozzles. The rear nozzles were 
well inboard, lying in the lee of the PCB front nozzles 
to reduce frontal area and drag. The front nozzles, in 
the aft (forwards flight) position, discharged past 
variable ramps which adjusted the nozzle area and 
minimized base drag 

Camm and Hooker preferred this all-new engine, 
but for reasons of timing had to stick to the PCB 
Pegasus. Working exactly to the latest draft NATO 
specification, Hooper laid out the Hawker P.1150, 
which apart from the stillborn Bell D-188A (XF-109) 
was the first supersonic V/STOL design in history. It 
was essentially a P.1127 type aircraft with much 
greater length, more fuel, a wing of reduced 
thickness/chord ratio with sweepback and streamwise 
Küchmann tips, a broader fuselage with extended 
sharp-lipped engine inlets, and two pylons under each 
wing. It was a totally different proposition from the 
P.1127 or Kestrel, but like most military customers 
the NATO staffs kept adding fresh requirements and 
making the numbers more severe. In March 1961 the 
NATO Basic Military Requirement 3 (NBMR-3) 
document was at last issued, providing exact guide- 
lines for the contractor studies. It called for Mach 
0.92 all round a lo-lo-lo (tree-top height) missi 
with at least Mach 1.5 at medium height in the 
condition or armed with AAMs. A height of 50 feet 
was to be reached 500 feet from brakes-release with a 
weapon load of 2,0001b, with which the standard (lo- 
lo-lo) mission radius was to be not less than 250 
nautical miles. 

The radius with 2,000lb weapon load was just 
beyond the capability of the P.1150. Bristol Siddeley 
was by this time developing a better basic Pegasus, 
the Mk 6, with an all-titanium fan permitting higher 
rpm, water injection, aircooling to both sides of the 
HP turbine, two-vane exhaust nozzles, an improved 
combustion chamber, added fucl-system controls to 
limit temperatures and pressures, and a life recorder. 
for monitoring ci at 1900015, this was а 
major jump in power, and with PCB promised to give. 


Right: Markedly larger than a Pegasus, the BS. 100 also differed in 
having nozzles canted downwards instead of being on the lateral 
equator. This impressive engine first ran on 30 October 1964. 
[Rolls-Royce 


about 25,000lb. Hooper drew a stretched P.1150 
using a PCB Pegasus 6 with greater fuel capacity as 
shown in the notes on the three-view drawing. Even 
this did not fully meet the requirement, and the 
P.1152 was studied with BS.59 lift fans in front of and 
behind the main engine. This work was carried out in 
partnership with Focke-Wulf, which was indepen- 
dently looking at the FW1262 with a lift/thrust BS.94 
and two RB.162 lift jets (later other engines were 
substituted). Project piled upon project, and even 
after the contractual AC/169 document was sent to all 
bidders in August 1961, stipulating a deadline of 31 
December of that year, more than 40 proposals were 
being worked on by 23 companies. 

Of all these the surest and most refined proposal 
was one of the last to crystallise, the Hawker P.1154. 
This was a further stretch of the P.1150 designed 
around the new BS.100 engine, at first derated to just 
under 30,0001 thrust. Even at this modest rating, less 
than that for such rival designs as the Br.1115 and 
Fokker/Republic D.24 Allianz, the P.1154 easily 
exceeded all AC/169 requirements and appeared an 
outstanding basis on which to develop a warplane for 
the later 1960s. Hawker's comprehensive three- 
volume submission was made in January 1962. 

From the start of the P.1127 programme Rolls- 
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SUPERSONIC V.TOL STRIKE AIRCRAFT 


Royce had deemed it almost an affront that any other 
engine builder should try to offer competition, and 
for the first time set its face squarely against the 
British aircraft industry in promoting foreign designs 
using Derby engines. In this case the favoured project 
was the Dassault Mirage ШУ from France, and Rolls 
even managed to win-over a fair proportion of the 
British Air Staff which openly favoured the IIIV, 
whose candidature was backed by Sud-Aviation in 
France, Boeing in the USA and by the new 
consortium BAC as a potential licence-builder for 
RAF orders. A deeper problem was that the whole 
NBMR-3 bandwagon was just empty words. NATO 
had no funds, and could do no more than say which 
design the assessors considered to have won. In April 
1962 the NATO Standing Group announced that on 
technical grounds the winner was the P.1154. At the 
same time, because there was bound to be an 
almighty outcry from France, NATO weakly said the 
Mirage ШУ was ‘of equal merit’. The house of cards 
collapsed, most nations — notably including the 
United States — adopting the same posture as that 
adopted by world airlines when the Comet I brought 
jet speed and comfort in 1952: they trotted out every 
reason they could think of for adopting the role of 
passive observer. 


This was one of the crucial periods in the V/STOL 
story. Though the United States continued to pour 
more than $1million every week into pure V/STOL 
research manifestly remote from any kind of 
warplane, the nation set its face steadfastly against 
the proven and immediate possibilities. In planning 
the TFX (which became the swing-wing F-111) and in 
many Congressional hearings the argument was 
repeated, parrot-fashion, that V/STOL meant 
oversized engines, poor range/payload and many 
other drawbacks. Air forces around the world 
continued to stick 100 per cent to СТО. 
(conventional takeoff and landing) aircraft unable to 
operate except from bases of known location. This 
attitude endures in the USAF to this day, just as if the 
hundreds of airfield-targeted Russian missiles did not 
exist! 

Britain, however, did not suffer from the *not 
invented here” mentality. The 1957 White Paper was 
five years in the background, and the fresh faces in the 
Whitehall corridors, and the new Air Staff, no longer 


Left: One of the last drawings of the P. 1150 before this machine was 
overtaken by the P.1154. Today, almost 20 years later, we are once 
again drawing similar aircraft with PCB Pegasus engines./BAe 


Below: Опе of the early configurations of the P.1154RAF, shown 
with 300-gal tanks and AS.30 missiles./BAe 


felt their careers were in danger if they discussed the 
need for new fighter and attack aircraft. For two years 
the objective had seemed to be to concoct design 
proposals for a giant NATO competition. Now, as 
1962 dawned, it was recognised that nothing would 
happen unless individual nations worked out some 
national requirements and put in some national 
funding. By March the Ministry of Defence had 
accepted the view that the P.1154 could probably 
replace the Hunter in the RAF and the Sea Vixen in 
the Royal Navy, and both Services were told to draft 
ORs (Operational Requirements) pretty smartly. 
The Minister, Harold Watkinson, was all for a 
collaborative programme, but Air Minister Amery 
wisely saw that round-table conferences could go on 
for ever, and put his weight behind a British go- 
ahead 

While Camm’s team pushed ahead with 
refinements, studies and the start of engineering 
design, the two Services swiftly wrote separate ORs, 
OR.356 for the RAF and AW.406 for the Navy. 
Predictably they were like chalk and cheese: the Navy 
wanted a high-altitude air combat fighter with a crew 
of two, while the RAF wanted a low-level single- 
seater to hit surface targets. The Navy aircraft had to 
be carrier-compatible, but it was tragic that Navy 
demands — some later shown by experience with the 
Sea Harrier to have been unnecessary — should in the 
long term have wrecked the programme. It was 
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Left: The initial P.1154RN was not too much of a departure from 
the RAF aircraft, though it had greater span and inboard wing 
landing gear. This September 1963 drawing shows 300-gal tanks 
and four Red Top missiles./BAe 


Below left: This drawing shows that by January 1964 the RN aircraft 
“had little commonality with that for the RAF. Immediately evident 

features include the further extended span, and the longer main gears 
mounted nearer the fuselage./BAe 


Above: Model photograph of P.1154RN, in September 1963 form. 
IBAe 


stipulated that the nose, wings and tail had to fold, 
that catapult capability was essential, and that a 
totally different CW radar was required, with a giant 
30-inch dish aerial. This was the last time a British 
Service failed to sec that ‘demands’ could prove 
lethal; in fact, even at this early date many Navy staff 
had become captivated by the idea that had been put 
to them by Rolls-Royce a few weeks earlier of a 
Phantom with Spey engines 

Obviously, it should always be possible for a CTOL 
aircraft to have a better payload/range capability than 
a V/STOL of equal total installed thrust and the same 
general level of technology; but, had the Air Warfare 
team at the Admiralty known that an incoming 
Labour government would cancel the planned CVA- 
01 carrier, soon leaving the Royal Navy with no ship 
able to operate a Phantom or any other high-Mach 
CTOL aircraft, such arguments would have seemed 
academic. 

This was a pity, because a joint-service P.1154 
would have been possible, and there is little doubt the 
project would not have run into the crippling 
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of weight-escalation, engine/inlet mismatch 
ive drag that afflicted that other abortive 
exercise in commonality, the F-111 (subject of 
another book in this series). The P.1154 was the first 
time anyone had really tried to design a multi-role 
combat aircraft with jet V/STOL capability. It 
naturally came out much larger, and especially much 
longer, than the P.1127. The fusclage was 58 feet 
long, and broad and boxy like those of the later F-14 
and F-15. Unlike the P.1127 the engine was removed 
downwards, leaving the wing undisturbed. Even the 
BS.100 looked quite small by comparison (whereas 
the smaller Pegasus looked big in relation to a P.1127) 
and there was room for 1,200 Imp gallons of fuel 
internally. For reasons of balance the equipment, 
such as the comprehensive array of avionics (except 
the radar), had to be at the rear. There was no way 
out of the problem, despite the 1,0001b mass of cable 
looms linking more than 1,500 signal lines over a 
distance of almost 40 feet. Typical mission loads 
included four 1,0001b bombs and two 300 Imp gallon 
drop tanks. Other loads included a reconnaissance 
pack or four Red Top AAMs. Peak Mach number at 
height was 1.73. 

Down at Patchway Bristol Siddeley had since 1961 
risked its own money on advanced steel and titanium 
parts and in PCB rig testing, though the company got 
proper cover from the new Ministry of Aviation for 
the BS.100 (something never offered for the original 
Pegasus) backed up by MWDP for the PCB studies. 
A Pegasus 2 ran with PCB in December 1962, the 
engine being installed on the test-bench inverted so 
that in the jet-lift mode the glowing jets pointed 
skywards. This engine was then rebuilt with the so- 
called ‘droop and trail’ anhedralled front nozzles, to 
lead into testing of the BS.100. By 1964 some 135 
hours had been run at PCB temperatures up to 
1,177°C, with thrust boost of 35 per cent and very 
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stable burning even with massive ingress of water. 
The first BS.100 ran on 30 October 1964, and 
development went extremely well. Within two 
months another engine had passed 30,0001b, with 
PCB on and nozzles aft. By April 1965 engines 1001 to 
1004 had run, and 1005 was bolted together ‘finger 
tight and placed in storage. 

Apart from the Navy, the influence that had the 
most adverse effect on the programme was Rolls- 
Royce. In November 1962 the Derby salesmen had 
been armed with a brochure describing а 7,5001b 
package comprising twin RB.168 Spey engines with 
vectoring fan nozzles on the outboard sides only and 
with a complex cross-over exhaust for the rear pipes 
so that failure of one engine did not flip the P.1154 on 
its back. For some reason the Navy liked this: they 
appeared to think it conferred twin-engine safety, 
whereas even in the wing-supported mode a landing 
at 146 knots with either engine out would have pulled 
rrester wire. Engine-failure after take-off, in 
ift regime, would have meant immediate 
ditching, and even loss of an engine later in the 
ion back in the vicinity of the 
carrier, so one marvelled that this unhelptul proposal 
lasted for months (and is shown in an accompanying 
P.1154RN drawing). Throughout 1963 Rolls spread 
the gospel that the twin-Spey 1154 would be ‘cheaper’ 
and ‘use a proven engine’, but in late March the 
Ministry selected the BS.100/9 at 35,8001b thrust and 
asked Rolls to help with development and 
production, It was to some degree this episode, as 
much as Bristol Siddeley's tie-up with SNECMA of 
France on the civil JT9D engine, that resulted in Rolls 
buying out its rival in 1966. 

An idea of how the 1154 went during 1963 is 
provided by quoting Camm: ‘Everything we put up is 
rejected by either the RAF or the Navy, and 
sometimes by both”. It seemed the only customer who 
really tried to make it all happen was Peter 
Thorneycroft, who was Minister of Aviation in 1960- 
62 and of Defence in 1962-4. Sadly, he believed, like 
McNamara in the Pentagon, in the concept of 
commonality. But, as the two services grew further 
and further apart in their ideas of how the 1154 should 
be designed, he appeared to have no pool of impartial 
and technically literate advisors. In the author's view 
he should have pressed ahead with all speed from the 
start with the 1154RAF, which was a firm and viable 
project which could have yielded production aircraft 
by the specified year of 1969, if not earlier, Had the 
Navy realised all it had to do was specify the minimum 
of change orders, such as a folding nose, it too would 
soon have got working hardware which by now would 
have an immense background of ocean operations. 
Instead of this the Navy thought of as many things as 
it could to make the 1154RN different. 


32 


One change that seemed unavoidable was to throw 
out bicycle landing gear. Unlike today's Sea Harrier 
the 1154 was to be cat-launched, and there was no 
way the twin main wheels could ride over the shuttle 
on the steam catapult, As deck operation is possible 
with very high tyre pressures it was possible to usc 
small main wheels and mount them on the wings (in a 
way studied back in early 1127 days) folding into 
Tupoley-style fairings. Extra drag was acceptable 
though the gear pods interfered with the movable 
surfaces. By January 1964 — when, against all odds, 
metal was actually cut on the RAF aircraft - the wing 
had grown even larger. Starting lifc at 30ft, 4ft greater 
span than the 1154RAF, it now had to be extended a 
further 6ft to handle the increased weight, and house 
1,850gal of fuel internally. Further work was done on 
the long two-shock inlets to raise Mach number to 
about 1.95, at which point the Navy complained 
because 2 had not been reached. Even Rolls-Royce 
recognised that if two Speys were used they would 
have to са 15,0001 each, Still the Navy was not 
interested, and, egged on by the Chief of Defence 
Staff, Lord Mountbatten, it withdrew in February 
1964. Instead it decided to buy 60 Spey-Phantoms for 
£45 million (it actually got 24 at a cost of £113 
million) 

Once the Navy had pulled out, the 1154RAF made 
real progr When the Labour Government was 
elected in October 1964 the design was approaching 
completion, and the first flight prototype was taking 
shape at Kingston. Tragically, the Labour Party had 
for its own reasons picked on the British aircraft 
industry as a political target. It announced that it was 
desirable to stop British planemaking and buy from 
the United States, In the case of the TSR.2 the reason 
given to the public was one of cost-saving, but with 
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Below: To amuse, or horrify, draughtsmen these are the basic 
geometric drawings of the jetpipe proposed by Rolls-Royce (Dei 
to switch the hot jet from the left engine to the right side of the 

aircraft and vice versa in the twin-engined P.1154RN./Rolls-Royce 
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Bottom left: This model shows the P.1154R A Fin its final torm witha 
long dorsal spi n inlets./BAe 


nd two pairs of dorsal r 


Bottom: Almost all major airframe parts for the first P. 1154 had been 
finished when the programme was cancelled. This was one of the 
seven spar frames carrying loads across the top of the fuselage./BAe 
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the P.1154RAF Prime Minister Wilson was advised to 
tell the public that this Hawker aircraft ‘will not be in 
service in time to serve as a Hunter replacement”. He 
indicated the Hunters were almost falling apart, and 
that only the American Phantom would do as a quick 
replacement. Defence Minister Denis Healey 
announced that now the RAF would get its Hunter 
replacement ‘four years earlier”. 

The P.1154 programme was cancelled on 2 
February 1965. The RAF finally got its Phantoms in 
1969, at a price considerably greater than the final 
estimated unit cost of the P.1154RAF. Hunters are 
still with the RAF, Royal Navy and many other air 
forces in 1981. But the BS.100 left a valuable legacy of 
PCB experience, 


4 
The Harrier 


When the P.1154 was abruptly cancelled in February 
1965 the government did allow Hawker Aircraft to 
continue to study the smaller, subsonic P.1127 as a 
possible tactical aircraft for the RAF, This meant that 
Britain's already considerable effort applied to jet 
V/STOL had not been entirely wasted, and today, 17 
years later, the Harrier has demonstrated that an air 
force does not have to rely on vulnerable fixed bases. 
The potential of jet V/STOL is so large that even 
today most air staffs take the easy way out by leaving 
it to others, but these are arguments best left to later 
in this book. For the moment, it is appropriate to take 
a long look at the situation in 1965 

Though in the preceding chapter I criticised NATO 
by calling the NBMR-3 competition a bandwagon, 
and a house of cards, in fact had NATO not existed 
the P.1127 could well have withered away in the bleak 
climate in Britain. On the onc hand Hawker and 
Bristol Siddeley were faced with an official defence 
policy strongly influenced by the belief that any kind 
of manned combat aft was a non-starter; despite 
the throbbing production lines of MiGs, Mirages, 
Starfighters and Phantoms, such things were 
supposed (in Britain, at least) to disappear from the 
sky. On the other they found an Air Staff which, 
instead of grabbing at the P.1127 as not just a straw to 
keep them afloat but a very new straw of open-ended 
and largely undiscovered possibilities, instead poured 
scorn on it as small, subsonic and hardly worth serious 
consideration. While in the United States the Navy 
was planning to take a near-Mach 2 aircraft, the F-8, 
and turn it into a subsonic aircraft in order to do a 
superior job in tactical attack missions, in London the 
official view was that if it didn't have swing wings and 
highly supersonic speed it was not worth bothering 
about. The posture was intensified by suggestions 
from the Hawker Siddeley Group that it might be 
worth the RAF taking another look at the Buccaneer; 
it was to be another five years before Hawker 
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Siddeley, as foster-parent to the RAF Spey- 
Phantom, discovered that with a typical bomb load 
the despised subsonic Buccaneer was faster than the 
Phantom, and burned fuel at half the rate. 

"This polarisation on Mach 2 adversely influenced 
all the P.1127/Kestrel studies that had continued 
throughout the lifetime of the supersonic P.1150 and 
1154. Some of these studies had been at company 
level with Northrop, for example, and others at 
government level with the USA, Federal Germany 
and Italy. NASA, as an instrument of the US 
government, had maintained the closest ties with 
Kingston and Dunsfold, where its engineers and test 
pilots learned all they could about jet V/STOL, But 
the home air force never showed any public interest in 
the P.1127 or its successors. When he was appointed 
Minister ot Defence, Peter Thorneycroft visited 
Dunsfold and showed polite interest in the Hawker 
accomplishments. Nearly three years later Sir Roy 
Dobson commented ‘I thought there would be an 
order for a wing of P.1127s so that the services could 
get used to VTO. Absolutely nothing happened.” A 
former Chief of the Defence Staff, Sir William 
Dickson, privately criticised Flight International, 
which had written ‘It is lamentable that the RAF did 
not long ago ask for 50 or so of the straightforward 
P.1127, so that by now some practical experience and 
potential export sales might have been achieved'; he 
said ‘The Press ought to be told that such a machine is 
a toy, and quite useless for operational purposes’. 
One of his successors, however, Sir Thomas Pike, had 
been appointed Chief of the Air Staff in 1960, and he 
had brought a welcome breath of common sense 
objectivity. He had never subscribed to the Sandys 
“по more manned aircraft’ doctrine, and throughout 
the NATO NBMR-3 ballyhoo had quietly satisfied 
himself that Hawker and Bristol Siddeley had a 
fallback ‘improved P.1127’ programme based on the 
Pegasus. The crucial question, however, was how far 
to push the idea of an improved P.1127 which could 
only compete with the 1154 

It was the election of a Labour government that 
provided the answer in October 1964. Breathing 
hatred against the British aircraft industry, which 
they called ‘overgrown and mentally retarded 
children', the politicians wanted big projects to be 
publicly scen to be killed off. The bitter struggle 
between Rolls-Royce and Bristol Siddeley, and 
between the Royal Navy and RAF, had made the 


Above right: he basic layout of the Harrier is unique but logical and 
has never been regretted, though the wing has to be above the engine 
and the avionics racking is at the tail./BAe 


Right: Three-view of the Harrier as originally designed, prior to 
addition of LRMTS and RWR./BAe 
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Above: The Harrier wing retained the Kestrel's peaky pressu 
distribution with a large nose radius. but the wing was largely new 
and had extra arca outboard, which meant at the rear /HAe. 


Below: XV276, the first P. 1127RAF, before its first flight in August 
1966. Note the six-door inlet./BAe 


Below right: Features of the Pegasus as used in all aircraft of the 
Harrier family to date, Rolls-Royce 
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1154 programme an obvious target. It took patient 
missionary work by Tom Pike and his 1963 successor, 
Sir Charles Elworthy, to ensure that, when the 1154 
died, an “improved 1127 should be allowed to 
continue. Even this crumb was not easily won, and it 
required rewriting the terms on which government 
funding was to be allowed for aircraft research which. 
even in the case of the TSR.2 and HS.681, had 
previously demanded the existence of a related civil 
application! Even so, Prime Minister Wilson's 
government refused to sanction an actual go-ahead 
on an improved P.1127 as a production aircraft. The 
most that could be won was that the government 
acknowledged, for the first time, RAF interest in an 
aircraft derived from the P.1127 and powered by a 
Pegasus engine, and agreed to fund a small batch of 
development aircraft. 

The way Mr Wilson announced it, immediately 
after terminating the P.1154RAF on 2 February 1965, 
was ‘We believe that there is an urgent need for an 
operational version of the P.1127. As soon as it can be 
negotiated, a contract will be placed for a limited 
development programme so that the RAF can have, 
by the time they need it, an aircraft which will in fact 
be the first in the field, with vertical takeoff for close 
support of our land forces . . . We are also going into 
the question of further research and development 
into this to see whether it can be boosted into 
something much more substantial! The last 
statement, which appeared to suggest carrying on 
where the P.1150 left off, has never been explained 

By this time Sir Sydney Camm was beginning 
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slowly to hand over the reins at Kingston. He passed 
peacefully away on his local golf course in March 
1966, and so, like Mitchell with the Spitfire, did not 
live to see the 1127 reach maturity, The original 
P.1127 had been drafted mainly by Ralph Hooper, 
but it was to be Yorkshire-born John Fozard who was 
to become so synonymous with Hawker Siddeley's 
future V/STOL tactical aircraft that he was to become 
popularly ‘Mr Harrier”. Previously a Blackburn 
apprentice, he had worked his way up at Kingston to 
become Chief Designer, P.1154, and then Chiet 
Designer, P.1127RAF. Subsequently, thanks to his 
extraordinary ability to communicate, he was lost to 
the design side and became a salesman, his present 
title being keting Director, Kingston/Brough 
Division. His description of what happened in 
February 1965, voiced a few months afterwards was 
“The Men from the Ministry — which I believe they 
now call Mintech — came down and said " You must 
stop making the 1154; but you can take some of the 
nav/attack system out of the 1154 and try and fit it in 
the 1127, with an uprated engine. Then we might buy 
it for the RAF”. 

In this strange way was born the P.1127RAF, 
which two years later was to be named Harrier. The 
name had originally been selected by the RAF for the 
P.1154, and back in 1927 had been borne by a Hawker 
biplane bomber powered by a much earlier Bristol 
engine, the Jupiter, 

The Mintech (Ministry of Technology) contract for 
six P.1127RAF development aircraft (XV276-281) 
came through with remarkable speed, on 19 
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February, barely two weeks after the termination of 
the 1154RAF. Only a draft Operational Requirement 
existed, and so Hawker Aircraft had at first to guess 
what the 1127RAF would have to carry. They also 
had to take some quick and far-reaching decisions on 
how far they could redesign the airframe, compared 
with the Kestrel, without compromising the timing. 
They got strong signals that this was to be a quick, 
cheap, troublefree exer s far as possible the idea 
was literally to take the ‘black boxes’ out of the 
1154RAF and pack them, along with a more powertul 
Pegasus cngine, into the existing airframe of the 
Kestrel. But it could not really be so simple 

The Kestrel had never been planned as a definitive 
RAF aircraft for possible large-scale long-term use, 
but as a vehicle with which the three participating 
nations could play with jet V/STOL. The mismatch 
between the engine thrust centre and aircraft eg had 
been rectified, and stability at low speeds had been 
improved in a last-minute modification which 
extended the tailplane span from 12 feet to nearly 14 
feet to catch a useful sidewash flow. But despite this 
the increased engine power, especially in low-angle 
wingborne flight, caused powerful destabilising 
effects, and the Kestrel became known as ‘the most 
delightful-to-fly unstable fighter"! It was in no way 
dangerous, if the pilot kept alert and followed the 
book, and was far superior to any other V/STOL of 
the time: but in February 1965 the Kingston team 
appreciated better than anyone that an even higher 
standard would be necessary for a regular operational 
V/STOL aircraft. 
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This was despite the fact that, thanks to the Pegasus 
6, thrust was to increase by a further 25 per cent. A 
further problem was that the essential extended-span 
tailplane suffered alarming vibrations when the 
engine was run at high power on the ground with 
nozzles pointing aft, the turbulent shear surrounding, 
the hot jets causing oscillations of about 6 inches 
amplitude with frequency 13 cycles per second! The 
Kestrel TES had to be issued with special ground- 
anchored dampers bolted to each tailplane during 
ground running in order to meet the required 1,000hr 
life. Another basic shortcoming was that from the 
original P.1127 the landing gear had been barely 
acceptable, the root cause being freedom in roll. This 
had made manoeuvring at high speed on the ground 
difficult if not dangerous, and threatened to break the 
fragile outrigger legs. There were many other 
problems, not the Icast being the wish to clear the 
forthcoming P.1127RAF to carry heavier or bulkier 
stores in the course of time when even more power 
might be available. 

It was obvious to the Kingston engineers that they 
were faced with a major task, not just finding where 
to put the black boxes but virtually in starting from 
scratch and creating a new aircraft. While they got 
down to it under high pressure — and do not forget the 
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Mk 83 LDGP free fall 
Mk 82 Snakeye retarded 50016 


Mk 81 Snakeye retarded 2501b 
Mk 81 LDGP free fall 2501b 
Mk 82 LDGP free fall 


LAU-69A rocket launcher 
LAU-10A rocket launcher 
LAU- 68A rocket launcher 


Mk 77 firebomb 
APAM cluster/Mk 7 dispenser 
Rockeye llcluster/Mk 7 dispenser 


PMBR practice bomb rack 


emotional stress of planemaking, in which designers 
who have lived for years with ulcer-making problems 
(for example, trying to achieve a P. 1154 variable inlet 
acceptable to both the RAF and RN) suddenly have 
to forget all about them and apply themselves round- 
the-clock on the next project — the officials tried to 
produce an OR. The only document to go on was the 
most recent draft of OR.356 (1154RAF), and in the 
end this was merely reissued but with the mission 
numerical values down-graded to suit the expected 
capability of the 1127RAF. As far as possible there 
were no changes; the only significant down-grading 
concerned level flight Mach number and mission 
payload/range. Another factor not insisted upon was 
the radar, which clearly would call for a new forward 
fuselage. Mating the complete 1154RAF forward. 
fuselage and cockpit with the 1127RAF fuselage was 
impossible. The primary mission was to be close 
support, and little was said for the moment about 
air-to-air missions, so radar was accorded a low 
priority. In any case this was the least-developed of all 
1154RAF avionics (Ferranti, the final winner, never 
reccived the full development contract) and this was 
the only major avionics item from the 1154RAF not 
to be continued. 

For the moment the chief objectives appeared to be 
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the following: to maintain the correct relationship 
between thrust centre and cg in hovering flight; 
provide adequate pitch stability over the complete 
flight envelope with external stores; ensure good 
handling from about minus 50 knots up to 635 knots 
or Mach 1.25; remove all concern for tailplane fatigue 
life; and redesign the structure for arduous use from 
unprecedentedly austere bases (eg a clearing in a 
forest) for a design life of 15,000 hours. A parallel 
effort redesigned virtually the entire systems to 
minimise maintenance problems in the same harsh 
forward-base environment, 

Thanks to the repositioning of the engine in the 
Kestrel, the Pegasus 6 could remain in the same 
longitudinal position in the 1127RAF despite its 
much greater thrust and a rearwards movement of its 
thrust centre; the latter was still well forward of the aft 
stability limit. On the other hand the designers were 
concerned at possible degradation in stability in 


Left: This listing ol weapon loads does not quite tally with the 
diagram but shows UK stores on the left and US stores on the 
right./BAe 


Below: Mission equipment in the RAF Harrier, which except for the 
laser LRMTS is duplicated in the two-seater, Not shown are the 
peripherals such as the RWR and post-attack camera. /ВАе 
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conventional flight, and took pains to prevent a 
rearwards shift of cg across the wing chord. Today the 
inherently unstable fighter is a specific design 
objective, under what has become known as control- 
configured vehicle (CCV) technology, the deficiency 
being rectified by high-authority and extremely 
reliable black boxes. In early 1965 CCV was a dark art 
that had not yet been practised, and it was deemed 
prudent to shift the aerodynamic centre aft to take 
care of the worst case with external stores. 

There was in the early jet-V/STOL era a general 
consensus that the wing should be sized to the high 
speed cruise, as was done with the Martin Marauder 
of 1939. Today the general view is that the extra 
weight and drag of a larger wing is worth having, to 
improve overload STOL takcoff, cruise efficiency 
and especially the ability to pull g in air combat. This 
is despite the fact that for low-level high-speed attack 
missions the wing should have the smallest possible 
span and area. On top of this, today we have 
extremely efficient wing profiles with a flattish top 
and bulged underside, known as sonic roof-top or 
supercritical sections. These can be of great benefit to 
almost all high-subsonic aircraft (though they may 
slightly reduce the Mach number reached in a dive), 
and are a feature of the next-generation AV-8B 
described later. In 1965, however, the Kingston team 
adhered to the NPL-developed ‘peaky’ section 
profile, though with a generous nose radius, and to a 
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wing of small span and area. Thickness/chord ratio 
varied from 10% at the root to 5 at the tip. 

Compared with the Kestrel the leading edge was 
redesigned with a dogtooth, extended outer chord 
and a curving streamwise tip extending 15 inches 
beyond the outrigger fairing. This provided the 
required rearwards shift in aerodynamic centre 
considered necessary. A row of 12 vortex generators 
was provided at about 12% chord, and care was taken 
to grade the spanwise loadings to ensure that, in 
transonic flight, there was a smooth and progressive 
breakdown of flow across the upper surface. In 
addition the wing was stressed for four pylons, rated 
at 1,2001b inboard and 650Ib outboard, and of course 
cleared for the much longer operational life of 3.000 
hours in the low close-support mission (which meant 
demonstrating 15,000 hours). Overall, the result was 
most successful. Though in wing-supported flight 
with external stores the destabilising effects of over 
30,000 jet horsepower passing just helow the tailplane 
led to unusual and slightly hair-raising trim curves, 
there is never a pilot problem. Even at AOA (angle of 
attack) as high as 20°, pitch stability is adequate under 
all conditions, which cannot be said of some 
conventional combat aircraft. The Boscombe 
handling report recorded ‘The almost imperceptible 
effect on handling throughout the flight envelope of 
the numerous combinations of stores makes the 
Harrier a remarkable aircraft To master the 
tailplane problem and allow unrestricted ground 
running at full power with nozzles aft, without the 
need for vibration dampers, called for a cautious 
redesign of the structure. There was no need to 
change the shape beyond the extended-span kinked 
type finally adopted for the Kestrel, with 15° anhedral 
(compared with 0° on the first P.1127 and 18° on 
subsequent 1127s), but the whole structure was 
strengthened and emerged at a weight of 203Ib, 241b 
heavier than the final Kestrel tailplane. This did not 
quite give the required life of 15,000 demonstrated 
(simulated) hours, but a second stage of redesign, 
adding a mere 8lb, comfortably accomplished this 
goal 

More detailed analysis was needed to cure the weak 
and spongy nosewheel steering and unacceptable 
heel-over in fast turns on the ground. Redesigned for 
the Kestrel, the landing gear stecred better and had 
strengthened outrigger legs, but basic problems such 
as roll freedom remained. Redesigned again in 1965, 
the main and nose oleos were dramatically increased 
in energy absorption, and nosewheel steering wi 
greatly improved: but the heel problem actually 
worsened, the roll freedom increasing from 12? to 
ЗМ“. Only the much better standard of V/STOL 
flight control (mentioned later) made the early 
Harrier acceptable, 
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The breakthrough came in 1967 when the pre-load 
in the main (rear centreline) oleo was removed, in a 
modification called the ‘self-shortening’ main leg. On 
reaching the ground on landing, the main leg offers 
no resistance until it has compressed almost 7 inches, 
by which time the outriggers are bearing a substantial 
part of the weight. This transformed the landing gear 
behaviour. In an official report, ‘In VTO the aircraft 
rides level laterally until thrust execeds weight, when 
it unsticks cleanly without abnormal use of lateral 
control. In conventional or part-jet-borne landings 
the aircraft settles down level and square immediately 
on first ground contact, and runs straight and true 
with no pilot input — indeed, without the need to 
kick-off drift in crosswinds exceeding 25 knots’, The 
resulting gear is superior to normal tricycle gears in 
operation from runways, and because of the four- 
point support with roughly equal fore/aft weight 
distribution is ideally suited to V/STOL operation 
from rough unprepared sites and to the requirement 
of minimum residual pitch rate on exit from a ski 
jump. 

One problem not mentioned earlier concerned the 
engine air inlets. Obviously a jet V/STOL has to have 
the highest possible inlet efficiency in V/STOL and 
hovering flight, and in the original P.1127 this was so 
over-riding that a bulbous metal intake was fitted that 
would have ruined performance in conventional 
flight. In 1962 an inflatable rubber lip was fitted, but 
this rippled in high-speed flight despite hold-down 
suction, and was rapidly torn to pieces. The Kestrel 
managed with a metal lip offering a compromise 
between the demands of hovering and forwards 
flight, but in the latter mode suffered from excessive 
spillage drag. The Harrier had to have a much better 
inlet, and one capable of handling not only the 
greater airflow of the Pegasus 6 but also further 
increases in airflow demanded by a still more 
powerful Pegasus that was in prospect 

For the DB (development batch) aircraft the 
answer was an enlarged inlet incorporating simple 
mechanical variable geometry. The throat was 
reshaped, while being kept as short as possible 
(overlong inlets must be one of the inherent problems 
of the US Navy XFV-12A) to reduce not only weight 
but the destabilizing moments in pitch and yaw of the 
large airflow. The fixed metal cowl lip was profiled to 
minimise spillage drag, with the same peaky section 
as the wing, and to generate weakened and delayed 
shocks at transonic speeds. The boundary-layer bleed 
door on the cockpit sidewall, introduced on the 
Kestrel, was enlarged and refined to cope with drag 
and distortion in forward flight. To maximise 
pressure recovery in hovering flight six auxiliary inlets 
were arranged round the cowl, with inner and outer 
blow-in doors. Though obviously advantageous, 
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Above: The last P.H27RAF wi ishable from the 
initial build-standard of the Harrier GR. 1, Itis pictures 
with four pylons and gunpacks./MoD 
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these doors distorted the airflow in the duct to reduce 
total pressure recovery, and further losses arose on 
the inner face, around the engine bullet fairing, due 
mainly to the outflow from the air-conditioning heat- 
exchanger. Just as drawings were being sealed for 
production of the Harrier in 1966 a more efficient 
inlet was completed, the result of patient refinement, 
It provides better efficiency at the mass-flow of 
today’s Pegasus 11 than did the six-door inlet with the 
Pegasus 6, though the only externally obvious change 
is that there are now eight doors round each cowl, and 
the doors are larger. Today's engine is surge-free over 
a range of inlet airflow angles and throttle rates that 
are approached by few conventional fighters, quite 
apart from having to meet the totally contrasting 
demands of jet V/STOL 

Probably the most crucial of the functioning 
airframe components are the vectoring engine 
nozzles and the RCV (reaction control valve) jets. All 
are given the status of primary flight controls, and as 
they are normally used at speeds at which the wing 
cannot support the aircraft, at heights high enough to 
be dangerous yet too low to give the pilot much time 
in an emergency, their authority and reliability has to 
be as high as any component ever designed. 

It seems logical that the four main nozzles should 
be part of the engine, but from the start of BE.53/2 
design they have been mounted on the air 
Cantilevered off the engine they would buckle the 
Pegasus casing or result in considerably greater 
engine weight. The most essential requirement is that 
all four, the two front ‘cold’ nozzles and the rear jet 
nozzles, should always remain synchronized. All four 


are ganged together mechanically by a system of 
rotary shafts, bevel gears, drive gears and drive chains 
passing round the nozzles. The system is driven by 
dual motors running on engine bleed air. If either 
motor fails, the other drives at half speed. Should any 
nozzle jam, a shear neck in the shafting fails and the 
nozzles remain locked. Each nozzle runs in an 
angular-contact ball bearing filled with balls, 
intermediate balls being smaller than the others and 
thus able to run in the reverse direction to climin:te 
friction caused by ball-rubbing. The system has an 
outstanding history, with not one dangerous failure. 
Few refinements have been needed, despite the later 
rance for Viffing (vectoring in forward flight, 
er) at high indicated airspeeds. 

The last major area worth mentioning concerns the 
flight control and RCV system, where the main task 
f refinement, The prime system contractor 

aerodynamic flight controls see-sawed 
between Fairey and Dowty on the Hunter (Fairey), 
P.1121 (Dowty), P.1127 (half Fairey, half Dowty), 
Kestrel (Dowty) and P.1154 (Faircy). The last 
programme was of little commercial benefit to Fairey, 
so it was only justice that the company's excellent 
proposal won the Harrier programme. Auto- 
stabilization was provided in the 1127RAF, with low 
authority on pitch and roll only. Later the yaw axis 
was added, but the autostab remains a simple 
monoplex circuit. 

As noted earlier, a major change in the early 1127 
was to switch to stainless pipe handling hot HP bleed 
air for the RCVs, Each 1 Ib/sec of RCV airflow cuts 
about 7016 off the engine thrust, so the pilot keeps the 
stick centred whenever he can. In any case, the RCV 
system is sensitive, and one of the problems 
encountered by the US Marine Corps (Ch 6) was that 
helicopter pilots find the Harrier a handful unless. 
they have also previously been fighter pilots. Ea 
RCV is a simple convergent nozzle around which is a 
swinging shutter driven by the nearby aileron, 
tailplane or rudder. Roll control is provided by a 
nozzle at the front of cach outrigger fairing; there is a 
pitch nozzle at each end of the fusclage, and the rear 
RCV pipe also feeds left/right yaw noz The 
nozzles are not on/off but have their area, and thus 
thrust, varied according to stick or pedal position. 
The roll nozzles have cunning shutters which swing 
out, to open the nozzle to blast downwards and give 
upthrust, or inwards to direct the air round the outer 
side of the nozzle and blast upwards. The roll control 
was found to be especially crucial, and much work 
was needed to achieve the correct high sensitivity and 
‘gearing’ (angular acceleration in roll per unit 
sideways stick displacement). Even without autostab, 
prolonged hovering is not tiring, and gusts are much 
less troublesome than with a helicopter because of the 
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Harrier's high density of over 25lb/cu ft. 

All this and many other tasks had to be done to turn 
a limited short-life trials machine into a weapon fit for 
squadron pilots. I have not mentioned avionics and 
weapons, and these were mainly conspicuous by their 
absence in the first 1127RAF, XV276, when it was 
flown by Bill Bedford on 31 August 1966. This was the 
due date, and the aircraft was cleared only after a 
round-the-clock hustle for a hover at dusk. 

Subsequent development not only refined the 
1127RAF, named Harrier in early 1967, but added 
the black boxes and weapons. No requirement 
existed to change the forward fuselage and cockpit, 
compared with the Kestrel, and the canopy, mounted 
on acutely sloping rails to slide diagonally up and to 
the rear, remained flush with the top of the fuselage 
downstream. This gives minimum drag for low-level 
attack, but for an air-combat dogfighter a raised 
canopy giving all-round pilot view is preferred (and is 
à feature of the Sea Harrier). On the other hand the 
small drag of an optically flat windscreen was 
accepted because, no matter what black boxes may be 
carried, the bad-weather attack mission demands 
excellent forward optics and a birdproof screen. The 
seat, a Martin-Baker 6HA in the Kestrel, was 
replaced by a zero/zero (ground level at zero 
airspeed) seat of higher performance with trajectory 
reaching 300 feet and able to overcome 50 ft/s sink 
Designated Mk 9A or 9D, it is fired only hy a seat-pan 
handle, and with rocket assistance is wholly 
automatic in operation. Once triggered, the ejection 
sequence blows the canopy by firing the MDC 
(miniature detonating cord, sometimes visible as a 
thin white jagged linc), fires th and then expels 
the occupant. 

There remain only the avionic fit and weapons to 
round off the outline of the original RAF Harrier, A 
central item is the FE.541 INAS (inertial nav/attack 
system), the contractor for which was Ferranti. This 
company, the original pioneer of the gyro gunsight 
and famous for airborne radar (such as that for the 
1154RAF), was — together with Elliott Brothers and 
English Electric, both swallowed by the GEC/ 
Marconi empire — a British pioneer of inertial 
guidance systems which can accurately steer a vehicle 
without external aids. INAS was designed around 
1961 for the NBMR-3 programme and is thus older 
than the system fitted to the RAF Jaguar. 
Significantly, neither aircraft was at first fitted with 
radar, both were later given a laser ranger, and both 
were later offered with various radar fits, one of 
which is standard in the Sea Harrier. 

Heart of INAS is the inertial platform, mounted in 
the nose and bolted to the forward pressure 
bulkhead. This forms the core of the IMS (inertial 
measuring system) together with the present-position 
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computer in the avionics bay in the rear fuselage and 
the nav control box in the cockpit. The IMS feeds the 
largest avionic item, the nav display and computer. 
which forms the central feature in the pancl in front of 
the pilot. The ND! central display is a projected 
topographic map; cach map, loaded as a 35mm 
cassette, covers about 800 nautical miles north/south 
and 900 cast/west. Present position appears at the 
centre, and the pilot can crank in destination or 
waypoint buttons and other data such as offset 
position. Other information is fed from the Sperry 
compass and Tacan, while the pilot's left hand falls 
conveniently on the pistol-grip hand controller, to the 
rear of the throttle quadrant, which incorporates a 
rolling-ball input and a white ‘fix’ button depressed as 
the aircraft overflies a point whose position must be 
recalled or automatically regained. 

In action the pilot uses not only the NDC, which 
forms the head-down display (HDD), but to an even 
greater extent looks ahead through the head-up 
display (HUD) on which bright symbology gives him 
navigation, steering. weapon-delivery and other 
information. The Harrier HUD was one of the first 
such units in production; it was created by a young 
company called Specto which was gobbled up by the 
competition (Smiths Industries). To complete the 
original INAS, Ferranti supplied the weapon-aiming 
computer and a ballistics box in which, before cach 
mission, slide-in plugs are inserted. One plug, 
normally fixed in place, handles gunfiring; three other 
plugs can be inserted, each inputting the ballistic 
characteristics of a particular type of free-fall 
дроп. The pilot has to check that he has the correct 
plugs for the actual weapons hung on the pylons, and 
then select the correct pylon(s) before making an 
attack 

The avionic kit of the original RAF Harrier was 
completed by such radio navaids as Tacan, UHF 
homing and IFF, and by communications such as 
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VHF, tactical VHF frequencies and UHF. An F95 
70mm camera was fitted in the nose, looking 
obliquely sideways for post-attack use, and a HUD 
recording camera. 

No inbuilt armament was specified. Instead the 
| operational load is hung on seven pylons 
which on the left and right sides of the fusclage 
i are normally occupied by gun pods each housing an 
Aden Mk 4 cannon of 30mm calibre with 130 rounds 
of ammunition. If removed, these pods are replaced 
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d 742 on trials from Boscombe, the latter having 
reconnaissance pod as well as Nanking gun packs. 


Below: Locations of mission equipment as agreed at the start of the 
P.1127RAF production programme, Tactical VHF was not fitted, 
but today Harriers have a laser nose and front/rear radar warning, 
aerials at the tail./BAe 


Below left: Another item not normally carried in RAF service is 
self-defence Sidewinders, but the AIM-9B version was cleared for 
use in carly trials from Boscombe./BAe 
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by axial strakes which like the gun pods increase 
pressure on the underside of the fuselage when 
hovering near the ground. (As related later, much 
more is now being done to improve flows and 
pressure distributions round the aircraft in low- 
altitude hovering.) Other weapons and tanks are 
listed in an accompanying diagram. Like the inboard 
wing pylons, the centreline hardpoint is rated at 
1,2001b, though it is possible to fly with an external 
load exceeding 5,0001b and a production aircraft (in 
USMC markings but actually XV742) demonstrated 
an external weapon load of 8,0001 in 1973. 

A total of 630gal (757 US gal, 2,864 litres, 5,0401b) 
of fuel is housed in five integral tanks in the fuselage 
and two in the wings. This can be supplemented by 
two 330gal ferry tanks or two jettisonable 100gal 
combat tanks, Only the wing points are plumbed for 
drop tanks, and in accord with the eventual 
specification a refuelling pipe was run to the top of the 
left inlet cowl to which can be attached a long inclined 
flight-refuelling probe with the tip above and ahead of 
the pilot on the left side. 

In the next chapter an outline is given of how the 
Harrier developed for the RAF, Included arc details 
of subsequent modifications, including the tandem- 
t dual variant. 
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Whereas the official view in February 1965 was that 
the government was merely prepared to look at the 
‘P.1127RAF and later take a decision on 
procurement, it was soon evident that this was a mere 
political posture. Without waiting for any flight-test 
results, the drafting of a production contract began in 
February 1966, and at the Hanover show three 
months later the Hawker Siddeley Group had been 
advised it would shortly receive an ITP (instruction to 
proceed) on long-lead materials and parts. 
Production tooling was already being manufactured. 
Go-ahead on production was signalled in late 1966, 
and in early 1967 the first contract was received, for 60 
single-seaters designated Harrier GR.1 (GR for 
ground attack and reconnaissance). A second 
contract followed for two prototype and eight 
production two-seaters designated Harrier T.2. The 
two-seater is described later 

Initial flight development of the six P.1127RAF 
aircraft served chiefly to confirm that this was already 
а mature aircraft. No major difficulty was 
encountered, and most of the effort was applied to 
such routine matters as perfecting the flight-control 
handling, adding and debugging the avionics, and 
developing the engine and its control system. The 
P.1127 policy of making the aircraft casily flyable 
without autostabilisation was continued, so it 
remained vital to achieve exceptionally fast and 
accurate pilot control of engine thrust. By 1970 the 
Pegasus 6, by this time in service as the Pegasus 101, 
could unfailingly be slammed from 55 to 100 per cent 
rpm in just 2.5 seconds. At the same time rpm and 
jet-pipe temperature were automatically limited, and 
further development was undertaken to perfect the 
relationship between throttle-lever position and 
power at the upper end of the scale in the hovering 
regime. As originally developed on P.1127s, the 
power curve rises sharply 
near the thrust required for hovering flight, a 
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different relationship is established giving about 0.1g 
vertical acceleration per inch of lever travel. Of 
course, nozzle movement also has to be fast and 
lag-free; little further development was required for 
this vital system, which from the start offered 
vectoring rates up to 90°/sec. 

Much more effort was needed on the avionics, 
especially the nav/attack INAS. It was well 
worthwhile, and six months after an integrated 
example began flying in early 1967 the system gave an 
accuracy in navigation (root-mean-square, with no 
updating) of only a little greater than | nautical mile 
error per hour of flight. Ferranti claimed this to be 
"twice as good as that achieved by any other strike 
aircraft’, such as the F-104G. In a blind first-pass 
attack, in other words a single run over a target of. 
known position achieved purely on the INAS 
guidance, the weapon-delivery accuracy proved to be 
seldom worse than 6 mils (milliradians angular error), 
again an excellent result. Later, as outlined in this 
chapter, attack accuracy was improved by a laser 
nose, 

All six development aircraft flew by August 1967, 
by which time the concept of the tactical V/STOL 
aircraft had been made even more obvious by the 
destruction of Arab airpower in the Six-Day war, and 
somewhat more acceptable by the demonstration at 
Domodedovo of a Russian vectored-thrust research 
aircraft. Soon after it had flown, the last development 
aircraft was ferried non-stop to Rome by the chief test 
pilot, Duncan Simpson, making a vertical landing. It 
went on to complete tropical trials at Sigonella, Sicily. 
Two months later, in October 1967, Merewether took 
à sister aircraft out to the Mediterranean and flew 
VTOLs from the helicopter platform of the anchored 
cruiser Andrea Doria. This was by no mcans the first 
Hawker V/STOL at sea, but the platform of this 
cruiser measures just 92.5 by 52.5 feet! Other 
shipboard experience is outlined in the chapter on the 
Sea Harrier. 

Duncan Simpson flew XV738, the first production 
GR.1, on 28 December 1967. A particularly noisy day 
ut Dunsfold followed early in the new year when the 


Above right: No 1 Squadron photographed at Wittering in April 
1971, two years after the unit had become the first in the world to be 
operational with jet V/STOL. The photograph is modelled on a 
famous picture ol the same squadron taken exactly 53 years carlier 
when it was fighting in France with the S.E Sa ¡Richard Wilson 


и: On-airfield chores in 1971 included using a self-powered 
ler to hoist Matra 155 launchers containing 19 SNEB rockets of 68 
mm calibre./MoD 
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Above: XV748 in its elem 
the treetops. Note the whi 


t, pulling g at about Mach 0.95 just over 
shock haze above the wings./BAe 


Above right: A simplified cutaway of the Harrier GR.3 with LRMTS 
and RWR fitted but without guns./BAe 


Left: John Farley, Dunsfold chief test pilot, and John Fozard, former 
chie ul now divisional marketing director, celebrate the 

first Sea Harrier ski launch at Farnborough with a bottle of apres-ski 
champagne, August 1978./BAe 


lesip 


Below: Pupil, in front cockpit, and instructor in a T.4 of Nu 233 
OCU, showing the backscater's separate windscreen and side-hinged 
canopies. Richard Wilson 
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media were briefed on the programme, learning of 
the centreline recon pod, forthcoming uprating of the 
Pegasus, successful trials with air-dropped stores and 
dry contacts with Victors, and - from chief military 
executive Bob Lickley — the unit price ‘in the band 
£750,000 to £Imillion, depending on quantity and 
equipment’. The immediate engine uprating was to 
20,5001b in the Pegasus 10, achieved by better cooling 
of the HP turbine blades and improved water 
injection and combustion-chamber cooling. Other 
modifications included addition of a Ps (HP delivery 
pressure) limiter and increased-capacity fuel pump. 
‘This engine went into production in 1969 as the Mk 
102, and when retrofitted into the RAF aircraft (it 
was initial equipment on the AV-8A) the mark 
number became GR.1A. At this time the Pegasus 
PSP (product support programme) was funded solely 
by Britain, and the TBO (time between overhauls) 
was 200 hours, no mean figure for entry to service of 
so specialised a powerplant 

In 1968-9 development was centred chiefly on the 
nav/attack system and clearance of gunnery and 
weapons releasc. Systems of a mechanical nature, 
such as flight controls and hydraulies, were already 
superior to those of almost all previous RAF aircraft. 
Right from the first P. 1127 a ram-air turbine (RAT) 
had been installed in the upper rear fuselage, 
extended upwards at speeds above 160 knots to 
provide emergency hydraulic power. It is not used 
after engine failure but following any failure of the 
engine-driven pump. With the engine out the Harrier 
isa poor glider (about 1:3 glide ratio) and the drill isto 
eject. 

Obviously everything possible is done to keep the 
engine running, and basic reliability of the Pegasus is 
good for any engine, quite apart from onc used for 
V/STOL. The main problem is birdstrikes, which are 
especially frequent in RAF-style missions at high 


speed on the deck. The engine is, of course, designed 
to withstand any normal birdstrike; the difficulty is 
aerodynamic, in that the breakup of the bird causes 
such flow disturbance that the engine surges. Flow 
becomes violently unstable, and it is common for the 
engine to flameout (the combustion flame goes out, 
leaving the engine full of fuel vapour). By 1972 a leaf 
had been taken from the Am n book in fitting a 
manual fuel control (MFC) system, Since then the 
drill with the retrofitted engines has been: birdstrike, 
surge, shut off fuel for 0.5 second, advance the 
throttle and relight, which is better than ejection, 

Further development of the engine at the start of its 
service career eliminated surge at high altitudes by an 
auto-limiter on pressure ratio, while wing AOA 
(angle of attack) is limited to 18°. This limit is no 
problem, and as noted later combat manoeuvrability 
is today immensely augmented by viffing. Another 
feature of the RAF Harrier is bolt-on ferry wingtips, 
which by increasing span reduce induced drag and 
extend range. In 1977 a ferry tip of carbon fibre 
composite was tested to unfactored limits, at the time 
the largest primary structure in this material flown in 
Europe 

Harriers joined the RAF in January 1969 when the 
Harrier Conversion Unit formed at Dunsfold. After 
pilot conversion, the RAF became the first air service 
in the world to have a true off-base capability with jet 
combat aircraft on its 51st birthday, on 1 April 1969, 
when the HCU became No 233 Operational 
Conversion Unit at Wittering (then in Northants, 
now in Cambridgeshire). This unit has ever since 
trained Harrier pilots, for the front-line force of five 
squadrons. Again appropriately, the first of the latter 
was No 1 (motto In omnibus princeps, ‘in all things 
first) which flew its Hunters to Wittering and began 
converting in July 1969. Next came No 4, to be based 
at RAF Wildenrath, Germany, followed by No 20 
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and No 3, forming a complete wing at the major base 
on the German/Dutch frontier. This wing was 
declared operational on 1 January 1972 

At this time an observer might have wondered 
why, having at last got an aircraft that could live 
literally at the front line, hiding in any convenient or 
contrived place, the Harrier squadrons should have 
been kept so far from any possible action. Things 
were partially rectified in 1977 when No 20 Squadron 
re-equipped with Jaguars and gave its Harriers to Nos 
3 and 4 (bringing these up the the standard NATO 
establishment of 18 aircraft) which then moved 
eastwards to RAF Gutersloh less than 75 miles from 
East Germany and the most easterly of all Allied 
airfields in Germany. 

These two squadrons, 3 and 4, comprisc e: 
the whole of RAF Germany's survivable tac 
rpower, unless one believes that in the event of war 
enemy would overlook the need to destroy 
airbases, They are supported by No I Sqn in the UK, 
which forms part of the ACE (Allied Command 
Europe) Mobile Force, or AMF, which is intended to 
redeploy in emergency to advanced bases. Likewise, 
in emergency, 233 OCU would stop training and 
deploy its aircraft in combat roles, probably to 
reinforce Nos 3 and 4 Squadrons. 

Though Western training seldom approaches the 
realism and toughness of Warsaw Pact exercises, the 
RAF has paid more than lip-service to thc vital need 
to become absolutely proficient in dispersed 
operations of the kind which would be the only ones 
possible in the event of any European conflict. From 
1969 thousands of possible operating locations for 
Harriers have been surveyed — a considerable number 
are in the UK, though these could be of value only 
after the Continent had been overrun — and in an 
emergency an air commander would have many from 
which to choose. Virtually all Harrier operations, 
ashore or afloat, are of the STOVL (short take-off, 
vertical landing) type, giving the greatest weapon 
load and maximum sortie time and radius. Idcally a 
dispersed base needs as much as 400m (1,300ft) of 
possible take-off run, and in the author's view 
existing strips such as highways of adequate width are 
preferable to strips in virgin landscape. Some dozens 
of tons of hardware are needed to establish a forward 
dispersed base. Though well-drained grass can be 
used for a while, most sites would be paved with wire 
mesh, PSP (pierced-stecl planking) or, best of all, 
lightweight MEXE (Military ^ Engineering 
Experimental Establishment, now the MVEE at 
Chobham) strip specially tailored to do the job. An 
obvious further improvement would be the provision 
of quickly erected airportable ski jumps of the kind 
discussed in the Sea Harrier chapter. In addition, 
cach site needs tents, chairs, tables, beds, crash 
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Above: Harriers of No 4 Sqn seen in a camouflaged hide oi 
deployment in West Germany, June 1976./MoD 


Right: A formation of Harrier GR.3s of No4 Squadron sweeps pasta 
lake in West Germany during a sortie from RAF Gütersloh. 
/Вату Ellson — Royal Air Force Germany| PR 


Below: Rearming a No 4 Sqn Harrier in a camouflaged dispersal in 
Germany. In the foreground can be seen two empty SNEB rocket 
pods,/Rolls-Royce. 
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Above: Tidy echelon by GR.3s of No 1 Sqn, with aircraft number in 
red above fin stripes. BAe 


Above left: The acrodynamies of a rolling vertical landing become 
apparent in wet conditions: airspeed will be 20 to 30 knots./BAe 


Left: Two GR. Is of No 1 Sqn (XV757 in foreground) practise 
hovering during the unit's first deployment to Cyprus in 1970,/BAe 


Bottom left: Harrier of No 1 Sqn. arriving at Flyvestation Vandel, the 
RDA Fbasc at Jutland which was activated for the Taceval./MoD 


Overleaf, top left: An historic Harrier the first production standard 
single-seater, XV738, subsequently modified to GR.3 standard and 
equipped with a laser rangefinder nose, seen here in service with No3 
Squadron salvoing four SNEB rocket pods at a target range in 
Sardinia./BAe 


Overleaf, bottom left: Dispersed-site operations by No 3 Squadron, 
showing a GR.3 with nosewheel chocked under camouflage netting 
(which is a lot better than nothing but a forest canopy is better), Itis 
possible to taxi under such netting, using three narrow strips of 
pierced-steel planking./BAe 


Overleaf, right: Two Harrier GR.3s of No 233 OCU. RAF Wittering, 
going round a loop./Richard Wilson 


vehicles, electric generators and large amounts of 
maintenance gear which must include provisions for 
looking after flying clothing and safety equipment. 
Full maintenance is centred at a Squadron 
Maintenance Area (SMA) at or adjacent to a fixed- 
wing airhead. To mount a typical week-long exercise 
in the AMF in 1972 took from 10 to 30 loads by a 
C-130, but today this upper figure can be improved 
upon. German squadrons travel by road, of course. 
One could fill several books this size with interesting 
descriptions of dispersed-site techniques, which have 
been brought to a fine art in an effort to operate 
round the clock and, as far as possible, evade 
detection even by modern multi-sensor aircraft. 


Life at the Hessian Hilton is not unpleasant — a lot 
better than being nuked, surely — and after a decade 
of experience always yields serviceability rates better 
than on fixed-base airfields, The Harrier seldom 
needs more than 10 MMH/FH (maintenance man 
hours per flight hour), and on occasion has got it 
down to six or seven. As examples of what has been. 
achieved, in the 1974 Big Tec (Tee, tactical 
evaluation exercise) 12 Harriers flew 364 sorties in a 
three-day war, an average of ten sorties per aircraft 
per day. They delivered the equivalent of 550 long 
tons of ordnance and 77,000 rounds of 30mm 
ammunition. And in the 1977 TEE conducted by 
AAFCE (Allied Air Forces Central Europe), in 
which operations were conducted under simulated 
NBC (nuclear, biological, chemical) attack, Nos 3 
and 4 Sqns gained the maximum possible marks. 

NBC exercises are no joke, and in any case ten 
sorties per aircraft per day cannot be sustained unless 
personnel and aircraft are very fit indeed. Pilots board 
via a wheeled ladder (though it always seemed 
possible to walk up the wing from the tip and thus 
make this bulky item superfluous). The inertial 
platform can be rapidly aligned, and within a minute 
of climbing aboard a pilot can be ready to take off, the 
engine being started by a Lucas gas turbine which also 
serves as an APU (auxiliary power unit) for ground 
power. For takeoff, the aircraft is lined up with the 
brakes on and the ASI (airspeed indicator) bug set to 
the pre-computed liftoff speed. The nozzle angle stop 
is set to 50° and the engine speed to 55 per cent rpm; 
then, brakes off and slam open the throttle, with the 
left hand firmly holding the nozzle lever. As the ASI 
needle goes past the bug the nozzle lever is pulled 
smartly back to the stop. The Harrier jumps into the 
sky, gear is retracted, and when clear of ground effect 
the accelerating transition takes place into wingborne 
flight at about 180 knots. Ground run is never as much 
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as 1,200 feet, and at the 2,000-foot marker the Harrier 
should be well into its transition. 

Vertical landings are the ideal, but at a dispersed 
site an RVL (rolling vertical landing) is usually 
preferred, touching down at 40 or 50 knots, to 
minimise reingestion and FOD (foreign-object 
damage). Standard drill for a landing, following 
normal reduction of height and forward speed, 
compliance with ATC procedures, and completion of 
routine landing checks (the latter including putting on 
full flap at the same time gear is selected), begins with 
selection of 20° nozzle on the downwind leg at a 
normal height of 500ft. This provides power for the 


Above left: Hovering GR.3 of No4Sqn. RAF Germany, showing the 
EMI five-cumera centreline pod often carried by this unit./BAe 


Left: A 1979 photograph recording the 500th ski jump, by a 
GR.3(XZ136) with BL.755 bomblet dispensers./HAe 


Below left: Though a major job, engine changes are possible during, 
dispersed field operations: aircraft letter Y in yellow, probably No. 3 
Sqn./BAe 


Below: The first T.2 prototype, pictured during fin development und 
with anti-spin parachute fitted. Pressurised volume rose in this 
version from 41 to 85 cubic feet, /BAe 


Overleaf, left: Harrier GR.3 of No 1 Squadron returns to RAT 
Wittering after a squadron exchange visit to Italy = note the large 
ferry tanks on the inboard wing pylons. / Martin Horseman 


Overleaf, top right: Superb portrait of a GR,3 of No 233 OCU, with 
aircraft letter on tail in pale blue./BAe 


Overleaf, bottom right: US Marine Corps AV-8A Harrier of VMA- 
231 aboard USS Franklin D. Roosevelt during the squadron's 
deployment with the carrier's Air Group in 1977./Gordon Bain 


RCVs, and the RCV pressure gauge is given a glance. 
Lined up with the landing direction, 40° nozzle is 
selected and the aircraft positioned about 3,000ft 
(1,000m) short of the landing spot; the chief 
instrument used is called the ADD (airstream 
direction detector) or the AOA (angle of attack 
indicator), and it is held at 8° to 9° solely by the stick 
"The aim is to arrive 3,000ft from the landing spot at 50 
feet, where the nozzle lever is pulled back to Hover 
Stop. Cracking the nozzles gives mild nose-up trim 

From this 50ft point there are two choices available 
for a landing. In the vertical landing (VL) all the pilot 
need do is momentarily reduce rpm very slightly (the 
book says 1-2%) in order to set up a selected rate of 
descent. The pilot looks ahead and senses the 
surrounding horizon, keeping attitude and position 
correct with stick and rudder. The moment the 
wheels hit, the throttle is shut to Idle, nozzles 
switched aft and the parking brake applied. The 
alternative is the rolling vertical landing (RVL). 
Preferred whenever any form of ingestion could be a 
problem, this involves switching the nozzle lever 
forward from Hover Stop to the 80” position, without 
reducing rpm. This both sets up the required positive 
rate of descent and at the same time accelerates the 
aircraft forward, so that the wheels touch at about 40 
knots. Immediately the throttle is chopped and 
brakes applied, as before. 

‘To an experienced fighter or attack pilot the 
Harrier is no problem, and it opens new vistas for 
personal skills and offers new excitement each time 
the left hand goes to the throttle and nozzle lever. 
Most ex-helicopter pilots have initially found it a real 
struggle to stay mentally up with, or ahead of, the 
Harrier; and being even a little behind can be 
dangerous. The task of converting pilots is thus more 
than usually important, and most observers would 
take it for granted it needs a dual two-scat aircraft. 
But because of the ludicrous British political 
environment at the start of the programme a dual 
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P.1127 - though studied in the same week the 1127 
first ran its engine, in September 1960 — was a total 
non-starter. Five years were to pass before Hawker 
project engineers picked up the work again, and then 
in 1965 a full feasibility study was begun on a dual 
P.1127RAF. Not until 1967 was cover obtained for 
two development aircraft (XW174-5) the first of 
which eventually flew on 24 April 1969 

Even then much had to be done to develop a 
production Harrier T.2, and it was not until August 
1970 that the first was accepted at 233 OCU at 
Wittering. By this time most of the basic conversion 
of the pilots for the RAF Harrier force had been 
completed. 

The Air Staff Requirement that was eventually 
written called for the T.2 to be used as a dual type 
conversion trainer and also as a vehicle to speed 
proficiency in the Harrier nav/attack system, though 
as this system is used only in conventional flight the 
task could have been done with a fixed-wing machine 
such as a Hunter. The primary task was training in 
V/STOL techniques, and the further important 
proviso made that the T.2 should be able to fly 
Harrier combat missions and form part of the RAF 
combat inventory. With the rear seat and tail ballast 
removed the T.2 came out about 8001 heavier than 


Top left: Harrier GR.3 from No 233 OCU based at RAF Wittering 
flying over the mountains of northern Scotland./MoD 


Centre left: Harrier GR.3s of No 3 Sqn during Exercise ‘Oak Stroll 
| MoD 


Bottom left: Company two-seater G-VTOL making a slow (about 90 
knots) landing at Dunsfold after heavy rain./BAe 


Above: A No I Syn Harrie 
Sqn during 


R.3 hooks onto a Victor K.2 of No 57 
refuelling exercise./MoD 


Overleaf, top left: A fine study of the second YAV-8B in cruising 
mode with Snakeye bombs and Sidewinders./MCAir. 


Overleaf, bottom lefi: Line m 
008 at Rota. /Rolls-Royce 


nance on a VA-1 Matador of Essa 


Overleaf, top right: The Sea Harrier of Lt-Cdr T. J. Н. Gedge, CO of 
No 800 Squadron, with Sidewinders and a touch of flap./BAe 


Overleaf, bottom right: Sca Harriers of No 700A (now 899) 
Squadron, Royal Navy, aboard HMS Hermes in 1979./BAe 
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the Harrier GR.1 (today the margin is nearer 7001b), 
but it was given the same weapon carriage provisions. 
In the training role the two-seater is some 1,4001b 
heavier in the equipped empty condition 

Heading the list of development tasks was 
maintaining weathercock (yaw) stability and the 
correct relationship between eg and both the wing 


gine being refitted in a No 233 OCU Harrier 
{Rolls-Royce 


Above left: Pegasus e 
trainer at RAF Witte 


Below left: A brochure-type presentation picture ot the Harrier and 
some representative (and some not so representative, ey the 
SRAAM AAMs) stores which were to be carried by aircraft in RAT 
BAe Kingston 


service. 


Above: Harrier GR.3 of No 4 Sqn during Exercise ‘Heath АР in 
West Germany./Crown Copyright 


Below: Lineup of Harrier GR 3s from RAF Germany squadrons ata 
tactical fighter meet in May 1978 at RAF Leuchars, Scotland. /MoD 
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aerodynamic centre and the engine thrust centre in 
the jet-lift mode. Modifying the forward fuselage was 
straightforward: the nose was moved forward 47 
inches, the inclined seat frame (now the rear seat 
frame) moved 7 inches to the rear, the cabin- 
conditioning system enlarged and repackaged 
immediately behind the large tandem canopies 
hinged on the right, the nose RCV moved forward 
near the very tip of the nose, and the inertial platform 
and F.95 camera relocated under the rear seat. The 
stepped tandem seating imposes no significant 
increase in drag, and gives the instructor a better 
all-round view than that of the pilot of a single-seater, 
including 10° below the horizon directly ahead, Even 
the front-seater has a rearward view better than in the 
single-seat Harrier, while his forward view is 
unchanged 

To balance the destabilising effect of the new front 
end the T.2 tail was moved 33.3 inches to the rear and 
raised 11 inches on a new fixed structure above the 
existing rear fuselage. The tailcone was greatly 
extended and (for development flying) fitted with a 


cater making vertical landingat Canopies. Removal of the cabin air scoops just behind 
1970,/BAe the rear canopy made no difference, and the next step 
was to raise the height of the fin, at first by 6 inches, 
Below: XW: This did little, so the top of the fin was given an 
IBAe 18-inch extension, with a kinked leading edge. This 
ica Tia RSS ten TAI fn a marked improvement, but further 
СТАДА ta Da Dn Sp extension was most unwelcome because the increased 
d stresses would have demanded redesign of the rear 
fuselage, with penalties in commonality and structure 
weight. A 23-inch extension was flown, however, at 
strictly limited airspeeds and sideslip angles, and the 
brake/anti-spin parachute as well as a rear RCV much result was excellent. After much further work an idea 
further aft, The underfin was changed in shape and answer was found in a broader-chord and better 
enlarged, and the equipment-cooling ram-air inlet engineered 18-inch extension, together with 
built into the front of the added fin-base structure. automatic extension of the airbrake to 26° whenever 
With the pitch and yaw RCVs moved right to the the tailplane was driven to a really high angle of 
extremeties of the longer nose and tail it was attack, 
confirmed that V/STOL control was little different This new fin was actually a retrofit on early ” 
from a GR.1, with only a modest increase in bleed-air because production had not been held up during the 
consumption. At high wing angles of attack, search for a good minimum-change solution to the 
however, weathercock stability was inadequate, and weathercock problem. The only other tail 
at first this was attributed to the wake from the raised modification was to add shotfilled tubes at the tips of 


Above: XW175 development twi 
Dunsfold with original short fin 


14 was the first production T-2, pictured at Du 


the tailplane to damp out ground-running buzz 
caused by the fact that the longer T.2 fuselage has a 
natural frequency that is a sub-harmonic of that of the 
tailplane. Thus, while T.2 tailplanes can fly on any 
Harrier, no two-scater is permitted to fly with a 
single-seat tailplane. 

Though the first production T.2 (XW264) was 
delivered in July 1970, it was another 13 months 
before the definitive tail made its appearance at 233 
OCU. Subsequently each of the operational 
squadrons has had a two-seater, used for Instrument 
Ratings, weapon-delivery instruction and various 
other forms of checks and tests, as well as forming 
part of the combat inventory. The US Marine Corps 
TAV-8A is covered in the next chapter. Mention 
must also be made of British Aerospace's very uscful 
civil Mk 52 demonstrator registered. G-VTOL, 
assembled from parts contributed by all suppliers on 
an embodiment-loan basis to provide a go-anywhere 
demonstrator equipped with full Airways navaids 
including ADF and ILS. First flown on 16 September 
1971, G-VTOL was the first two-seater with the 
Pegasus 102, carlier examples still having the Mk 101 
at that time. 

By early 1972 G/VTOL was being retrofitted with a 
still more powerful Pegasus, which today is still the 
standard in-service engine. Designated Pegasus 11, 
MK 103, it introduced a rebladed fan (both rotors and 
stators) to increase mass flow. This increase thrust 
from all four nozzles, and is augmented by improved 
HP turbine cooling, permitting an increase in entry 
temperature from 1.486°K (2,215) to 1,511°K 
(2.260°F). Further improvements include revision to 
the combustion chamber and the manual fuel control 
System. The Mk 103 engine was type-tested in 
February 1971 and approved five months later. When 
fitted to a Harrier GR.1A the aircraft mark number 
was changed to GR.3; likewise the T.2 re-engined 
with the Pegasus 103 became the T.4. A listing of 
numbers of each mark of Harrier appears in the 
Appendices. 

Since entry to service the increase in engine power 
has been accompanied by numerous engineering 
modifications. almost all of a routine nature, such as 
the gradual introduction of the much better 12kVA 
alternator (as on the AV-8A) instead of two of the old 
4kVA machines, and the Mk 2 Lucas gas-turbine 
starter/APU with electrical output raised from 172 to 
6KVA. Part of the electric uprating was to handle two 
major additions which improve combat capability 
and also change external appearance. The first of the 
new equipments was a laser ranger and marked-target 
seeker (LRMTS). The model selected, and in fact 
developed for this application and in related form for 
the Jaguar. is the Ferranti Type 106. This comprises 
an active laser and a ver, together with 
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Above: G-VTOL making ski launch at 15%; at this angle end-speeds 
as low as 42 knots were recorded. Studies have been made of road- 
portable ski- jumps, ‚Rolls-Royce 


T.2/TA.JBAe 


Right: Three-view of Harrie 


Below: Harrier of No 20 Sqn hovering during Exercise ‘Grimm 
Charade’ in West Germany./MoD 


scanned 
by 
alfetta 


OVERALL LENGTH sön ми 
WINGSPAN | COMBAT 251 за 

FERRY 2911 Bin 
HEIGHT (GROUND ATTITUDE) — "3t Bin 


fo n m nr 


з е кты 


Above: The first LRMTS-equipped Harrier T. 4 for the RAF seen at 
Dunstold, 24 February 1976./BAe Kingston 


Right: RAF n 
hide at dispe 


Left: Together the front 
all-round coverage./BAe 


nd rear passive aerials of the RWR give 


Below: Harrier of No I Sqn, usually based at RAF Wittering, seen on 
the ground in Belize in November 1975./MoD 
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electronics and a data interface to tie it in with the rest 
of the nav/attack system. The laser is a typical 
compact Nd-YAG type, stabilized 360° in roll and 
+25" in pitch, and emits pulses of laser light at from 2 
to 10 or more pulses per second, on pilot command 
Under all attack conditions it can be directed ahead 
or within a 20° cone, if necessary under command 
from the nav/attack system, and is space-stabilized to 
ensure ас: e pointing at the desired target. In this 
mode it sends back continuous and precise data on 
target range, range rate (speed of closure) and angles, 
normally presented on the HUD. In the marked- 
target mode the laser is not initially used; the ground 
target is identified and marked by a laser carried by 
friendly troops. The Harrier LRMTS seeker searches 
automatically and instantly detects any marked 
target. Finding one, it locks-on and ranges, 
presenting its position, plus the other information, on 
the pilot’s HUD. 

The LRMTS was tested in a Ferranti Canberra in 
1970, flown in various Harriers and fitted as initial 
equipment to XZ128, the first of the final GR.3 batch 
(and the 207th Harrier built) in 1976. By this time 
several squadron aircraft had been retrofitted, and all 


GR.3 Harriers had the LRMTS by 1979. It has no 
effect on flight performance or handling. 

The other addition was an RWR, radar warning 
receiver. As a diagram shows, this comprises two 
passive acrials, one facing forward from near the top 
of the fin and the other facing to the rear from the 
extremity of the tailcone downstream of the rear 
RCVs. The system is the ARI.18223, by MSD: 
(Marconi Space and Defence Systems), and is a 
single-seat version of the generally similar 18228 
whose display CRT (cathode-ray tube) faces the 
navigator in RAF Phantoms and Buccaneers. 
Obviously the Harrier installation provides a display 
for the pilot, together with an attention-getter. The 
purpose of the RWR is to inform the pilot if any 
hostile radiation is illuminating the aircraft (from 
enemy radars, for example), and possibly its type, 
signal strength and direction. These data arc 
processed in such a way as to minimise the extra pilot 
workload and assist him in deciding on the best course 
of action. Obviously tactical aircraft need defensive 
systems such as jammers and dispensed chaff, 
jummers or flare payloads, but no information has 
been released on what the Harrier carries 
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The Marines 
AV-8A 


In the jet V/STOL heyday of the carly 19608 it had 
been taken for granted that the world's military air 
arms would deploy V/STOL jets in very large 
numbers before the end of that decade, With the 
collapse of NBMR-3 and cancellation of the P.1154 
the whole idea virtually fizzled out, except in the 
Soviet Union where its had been 
recognised. France stopped the Mirage ШУ, and all 
that was left by the late 1960s was the subsonic 
Harrier in which few foreign countries showed more 
than passing interest. Hawker Siddeley mounted a 
low-key campaign to try to educate air forces in the 
future technique of V/STOL tactical operations, both 
ashore and afloat, but its overt attempts to sell the 
Harrier itself were directed at a small range of 
nations. It was thus quite unexpected when a 
commissionaire guarding the Hawker Siddeley chalet 
at the 1968 SBAC show at Farnborough announced 
the arrival of three officers from the US Marine Corps 
Who said they were interested in flying the Harrier. 
They had not suddenly become interested from 
watching the company pilots perform at the show. 
The Marines had been the greatest early pioneers of 
V/STOL warfare when from 1949 they had refined 
what became the technique of ‘vertical envelopment’ 
in which helicopters based on assault ships invade a 
hostile beach and, having established a beach-head, 
keep it resupplied. The snag, of course, was that the 
assault force had to provide firepower to protect the 
helicopters, and though opposition was generally 
light in Korea it was recognised that in other conflicts 
enemy fighters and anti-aircraft fire might shoot down 
all the helicopters before a bridgehead could be 
secured. Jet V/STOL appeared to be the only answer, 
and the Marine Corps kept a close watch on this field. 
But by 1967 the only actual hardware available for 
aerial firepower over the beach-head was another 
helicopter, the Army-developed Lockheed AH-56A 
Cheyenne. This impressive and extremely costly 
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machine was packed with electronics but was 
diametrically opposed to Marine philosophies. 

‘Two of the better-known names for a Marine are a 
Grunt and a Leatherneck. They describe a tough 
fighting-man who needs simple and reliable 
equipment. The AH-56A was anything but; the 
Army was unhappy with both the product and the 
price, and eventually it was terminated in 1969. The 
only alternative was CTOL (conventional takeoff and 
landing) airpower, in the shape of the Marines’ A-4s 
and F-4s, But these had to be conveyed in a giant 
Fleet Carrier and cither based aboard this ship or on a 
purpose-constructed airfield at the beach-head. 
Many millions were spent developing the SATS 
(short airfield for tactical support), which meant 
filling ships with aluminium planking, gas-turbine 
catapults, arrester wires and much other gear, as well 
as a complete ‘Seabee’ Construction Battalion for 
about two weeks (if the enemy did not interfere) 
fixing everything together. 

Ideally the situation cried out for a jet V/STOL, 
and the Marines were desperate to sce an effective 
one developed. Even if it played no offensive role, 
such an aircraft was judged capable of gaining air 
superiority over the beach-head and of protecting the 
helicopters. Marines had never flown with the TES 
Kestrels, but one or two officers had subsequently 
flown the same aircraft as XV-6As at Edwards and 
talked with NASA at Langley, where there were two 
more, about future possibilities. There were many 
half-baked schemes for American jet V/STOL 
combat aircraft, including a Navy study for a Fighter/ 
Attack "Technology Prototype (this led to the XFV- 
12A, discussed in the penultimate chapter). For the 
foresecable future there was in 1968 no jet V/STOL 
in sight except the Harrier, and what the Marine 
Corps wanted to know was: could it do a useful job? 

Long before this the news that the Marines were 
looking at the Harrier was causing ripples through the 
Pentagon. The Air Force and Navy were openly 
sceptical of V/STOL in general and the little British 
jet in particular. Neither had any plans to buy the 
British aircraft, but it was something the United 
States did not have, and in January 1969 both services 
had full evaluation teams at Dunsfold and Boscombe. 
Tragically, one of the Air Force team, Maj Charles R. 
Rosberg, was killed in the first fatal accident in the 
entire Hawker jet V/STOL programme. Despite this 


Above right: February 1971, and an AV-8A from Pax River is spotted 
on the deck of LPH-7 Guadalcanal during early trials at sca./USN 


Right: A few weeks later another AV-8A was making free takeoffs 
from the same ship with FR probe installed. Note the USMC badge. 
JUSN 
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Left: The first wet hook up with a "buddy" A-4M was made by an 
aircraft of VMA-513 on 3 March 1971./USN 


Centre left: Positioning a Snakeye bomb under the left inboard pylon 
ofa VMA-513 aircraft aboard Guadalcanal on 22 March 1971./USN 


Centre right: June 1973 and an AV-BA of VMA-542 makes a vertical 
ascent from LPD-1 Raleigh during Project Battle Cry./USN 


Bottom left: Sqn Ldr Tom Lecky-Thompson takes off from a 
coal yard near St Pancras station, London, in the fourth produ 
Harrier GR. 1, XV741, at the start of his westbound winning flight 
during the Daily Mail trans-Atlantic Air Race in May 1969. The 
Harrier's time of Shr 57min and its arrival in the centre of New York 
City made à major impression in the US at the time when the US 
Marine Corps order was under consideration, in Congress. 


the reports of both teams were highly positive, parts 
of the USAF evaluation being almost lyrical in 
nature, and later this did much to spread the true 
gospel through the US defence machine. The Navy 
evaluation was particularly important because all 
Marine Corps aircraft are procured by the Navy, 
though on a separate financial vote, But the ripples 
persisted, and gathered strength. They revolved 
around two parrot-cries, whose meanings were 
sufficiently obscure for them to be hard to nail 

One parrot-cry was that the Harrier was ‘a foreign 
airplane’, It is extremely unusual for the United 
States to import any aircraft, military or civil, and 
when it does the giant US planemaking industry and 
its Congressmen lose no time in making angry 
speeches. Clearly, whereas other nations in Europe, 
Asia, Australia and many other places buy inilitary 
aircraft because they are American, when the reverse 
happens the fur begins to fly. And the campaign 
against this foreign product was initially founded 
upon the supposed fact that it was pretty useles: 
Even a former British Air Minister, Hugh Fraser, had 
helpfully told the Commons that the Harrier from a 
military point of view is a toy, unable to carry any 
weapons, unable to have a great range, and unable to 
fly above sonic speed'. All four statements were 
factually incorrect, but the media love controversy 
and rebuttals get about 1% of the coverage of the 
original statement. In the United States a popular 
interpretation of this criticism, syndicated from Coast 
to Coast, was ‘The Harrier couldn't carry a box of 
matches across a football field’. 

Against all this barricade of nonsense was a band of 
fighting-men, keenly aware of the need for political 
muscle on Capitol Hill and tireless in their search for 
sto do a better job. Masterminding the search for 
tactical airpower without an airfield was Gen G 


McCutcheon, USMC. The team he sent to the 
Farnborough airshow in 1968 was headed by Brig- 
Gen Johnson and included two test pilots, Col Tom 
Miller and Lt-Col Bud Baker. Their evaluation of the 
Harrier was complete and highly favourable 
Contrary to the widespread American belief, it could 
fly useful combat missions, had plenty of range, and 
promised still more when re-engined with the Pegasus 
11. Contract negotiations began within two weeks, 
and the Marine Corps decided even at this early date 
not just to buy a trial batch but to go all-out for 
V/STOL with a total procurement of 114 aircraft. 
This had previously been calculated to be adequate to 
support a force of four 20-aircraft squadrons, the rest 
serving for training and attrition. Money previously 
earmarked for F-4J Phantoms was taken from the 
FY70 (Fiscal Year 1970, starting on 1 July 1969) 
budget and allocated to a first batch of 12 aircraft, 
designated AV-8A in the US system in which V 
indicates an aircraft with V/STOL capability and the 
prefix A indicates Attack. 

As far as possible the AV-8A was made identical 
with the Harrier GR.1, though it changed with the 
years. Subsequent buys included 18 with FY71 funds, 
30 with FY72 and 30 with FY73, bringing the total to 
90. By this time the Marines felt it was politically safe 
to buy the two-scater, for initial conversion to the 
AV-8A and for continuation training at squadron 
level as in the RAF, The extra cost of these reduced 
the final batch from 24 to 20, made up of 12 AV-8As 
and eight two-seaters designated TAV-8A. From the 
start of US interest it had been appreciated that 
political obstacles would largely disappear if the 
Harrier could be manufactured in the United States. 
This was not possible for the initial 12 AV-8As, but 
the possibility of licence-production of the remaining 
aircraft was exhaustively examined and a licence 
worked out with McDonnell Douglas at St Louis. In 
October 1971 a further licence was signed between 
Rolls-Royce (1971) Ltd and Pratt & Whitney Aircraft 
for joint further development of the Pegasus engine 
(designated F402 in the United States) and possible 
licence production by the American company. For 
both the airframe and engine it was concluded that 
the quantities and rates of production were too small 
to bear the increased costs of licence manufacture, 
but joint collaboration between the four companies 
has continued. 

The major new feature of the AV-8A, which went 
into production in 1970, was the Pegasus 11, which 
did not reach the RAF as a retrofit until two years 
later. Even so, the first ten AV-8As were initially 
delivered with the Pegasus 10, designated MK 802 for 
export and in the USMC called F402-RR-400. These 
first ten aircraft also lacked an emergency fuel control 
(later retrofitted) which in the usual American 
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manner provides direct manual throttle control as a 
back-up, as explained earlier. This manual provision 
was later also adopted by the RAF, becoming an 
integral fitment with the Mk 103 engine. The RAF 
also later adopted several other changes requested by 
the USMC for the AV-BA. 

Most of the changes required resulted from the 
1 spectrum of Amer ons and 
ions. Whereas the prime RAF Harrier mission 
has always been first-pass low-level attack on a fixed 
surface target, that of the USMC has been a versatile 
capability for multiple dive attacks on land or sea 
targets in visual conditions, with a strong secondary 
need for air combat. This put the emphasis on air-to- 
air weapons, whilst making the complex and costly 
FE.541 nav/attack system look less attractive to a 
service whose 'troops are warriors rather than 
mechanics’. The inertial system was, in fact, accepted 
as part of the original fit, but in 1972-74 it was 
removed from the AV-8A force in the apparent belief 
that the Marines only go to war when the weather is 
good. Another item carefully studied was the gun; at 
first it was intended to return the Aden packages to 
Britain as soon as an American equivalent could be 
cleared for service, but the British gun soon 
established such a good reputation that it remains to 
this day, even though it cannot fire standard US 
30mm ammunition 

One of the few new original-equipment changes in 
the AV-8A was wiring for two Sidewinder air-to-air 
missiles on the outboard pylons; this simple missile 
could easily be carried by any Harrier, There is no 
radar so the IR-homing head cannot be slaved to its 
targets, but results of independent IR scanning have 
been adequate even with the AIM-9E Sidewinder 
fitted originally. Today the much better AIM-9J or 
-9L are becoming more common. In the 1970 AV-8A 
'ation there were numerous minor changes in 


materials, radios and systems, notably removal of 
FE.S41 and installation of a Smiths HUD and 
weapon-aiming computer (together abbreviated as 
Hudwac), with selectable modes such as CCIP 
(continuously computed impact point) symbology for 
air/surface weapon delivery. Another retrofit in 
service was to replace the Mk 9D seat by the 
American Stencel 5111-53. 

Delivery of the first AV-8A took place at Dunsfold 
on 20 November 1970, followed by a further 
ceremony at the US Naval Air Test Center (NATC) 
at Patuxent River (commonly called Pax River), in 
Maryland close to Washington DC. Pax River 
handles the BIS (Board of Inspection and Survey) 
trials of all new Navy and Marines aircraft, and the 
first four AV-8As passed BIS with flying colours by 
March 1971. In the course of these trials the 
performance envelope was examined very fully, 
including at least one situation. not previously 
attempted. This was because of the inquiring nature 
of the Marine Corps AV-8A Project Officer, Maj 
Harry W. Blot. He flew the first AV-8A to arrive at 
Pax River and soon decided that, while it had an 
excellent thrust/weight ratio, superb handling and an 
engine that kept running even in the most adverse 
inlet conditions, it could not be considered as a 
promising fighter. Pilot view to the rear was poor, and 
because of the extremely small wing it was impossible 
to pull many g in tight manoeuvres except right at the 
upper end of the speed envelope. The one 
unexplored factor was viffing (VIFF — vectoring in 
forward flight). By suddenly swivelling the nozzles 
there seemed to be the possibility of applying extra 
upward or even rearward forces that might provide a 
new dimension in air combat. 

Blot was under the mistaken impression that viffing 
was common practice in RAF Harrier squadrons - 
though bold RAF spirits had indeed played with it. 


Above, far left: Air-to-ground attack with 
V-8A of VMA-542 in September 1974,/BAe 


Above left: 10 November 1976 
of VMA-231, still chained to C' 
Mediterrancan./USN 


\d a sortie is imminent by an aircraft 
2 Franklin D Roosevelt in the 
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VMA 231 from the FOR dur 
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Above right: Aircraft of VMA-513 aboard LPH-3 Guam with piloton 
cockpit checks. /USN 


Below: The AV-BC is the result of the most cost effective 
improvement programme that could reasonably be devised tor the 
existing AV-BA force in 1979. Among the few items showing 
externally a ак „МСА 
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were at a premium, he decided to 
by-pass intermediate points and go straight to the full 
reverse thrust at 500 knots. It should also be 
ained that, to keep a good lookout in all 
tions for other traffic, he was in the habit of. 
leaving his seat harness loose. He set himself the task 
of timing the deceleration from 500 to 300 knots, to 
see how far, in a combat situation, this could force a 
hostile aircraft on the A V's tail to overshoot and fly 
into Blot's HUD-sight. In Blot's words (written for 
Rolls-Royce Magazine): "With pencil in hand I 
slammed the nozzle lever into the braking stop 
(reverse thrust) position. The airplane started 
decelerating at an alarming rate, the magnitude of 
which I could not determine bi е my nose was 
pressed up against the sight. A terrible way to be. 
even in an imagined conflict. My movements were 
even further constrained by the fact that the violence 
of the manoeuvre had dislodged me from the seat, 
and I was now straddling the stick with my right hand 
extended backwards between my legs trying to hold 
on for dear lif 

As the AV did not come apart, and the engine kept 
running, he was able to make a normal landing and 
think things over. Apart from deciding to 
compromise his strap-in procedure, Blot judged that, 
if the powerful new force of vectored thrust could be 
properly harnessed, dogfighting would indeed be 
revolutionised. Accordingly NASA flew a special 
VIFF test programme in late 1971 with an XV-6A, in 
the course of which this low-powered but lightweight 
machine was tangled against a T-38 Talon. More 
extensive ACM (air combat manoeuvring) trials were 
then flown at Point Mugu, California, by the first 
AV-8A unit, VMA-513, formed in April 1971 at 
Beaufort (pronounced Bew-fort), South Carolina, 
under Bud Baker. A joint US/UK programme on 
viffing was then run in parallel with a second ACM 
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exercise in late 1972 by VMA-513 at China Lake, 
California. The considered conclusion of these trials, 
news of which had spread and resulted in almost 
every available combat type joining in, was that ‘With 
proper use of vectored thrust there is no known 
tactical aircraft in the world that can remain behind 
the AV-8A if the latter's pilot does not desire it to do 
зо. 

This position was reached while the viff technique 
was in its infancy. The US/UK test lasted ten days and 
was run from RAF Valley over the Aberporth missile 
range, and involved a first phase in which dogfights 
were mounted between a Harrier with a strengthened 
nozzle drive and special instrumentation and a 
normal (non-viffing) Harrier, a Hunter und a 
Phantom FGR.2. No matter how inferior the starting 
position, the viffing Harrier invariably won the 
engagement. Results were so startling a Phase 2 
programme was run against other foes, including a 
Lightning F.6, and viffing was examined in attacks on 
surfa targets to assist weapon delivery and 
avoidance of ground fire. Again, results were 
excellent, and often intriguing. 

Prolonged computer simulations, initially at 
McDonnell’s St Louis plant, threw up the 
discouraging news that viffing at low speeds, in which 
the RCV controls (called RCS, reaction-control 
system, by MCAir) predominate, not only could not 
possibly result in such rapid turn rates as pilots 
reported but also would inevitably result in nose 
over-tail tumbling. It was Harry Blot who disproved 
the latter prediction. Further computer simulations 
some perhaps slightly suspect — worked out various 
procedures for evading hostile dogfighters, notably 
the MiG-21, and even for flying through particular 
manoeuvres at low level which, should the enemy 
pilot be unwise enough to follow through, are 
guaranteed to make the enemy fly into the ground. 

By the end of 1972 a large range of impressive 
viffing manoeuvres in level, climbing and diving 


flight, and including flips and square turns entirely 
new to air combat, had been worked out and 
perfected. There followed several hundred viffing 
missions on an instrumented range against various 
simulated Warsaw Pact fighters. The results were 
officially judged impressive, and incidentally 
confirmed that, thanks to the exceptionally low [uel 
consumption compared with other modern jets 
achieving a similar thrust/weight ratio, il was 
invariably the opposition which, despite much 
greater fucl capacity, had to break off the fight on the 
grounds of fuel state. The only nagging problems 
were restrictions on nozzle angles at high airspeeds 
and the annoying need to check engine parameters 
prior to inflight vectoring. Most Harrier pilots also 
wished they had even more thrust, to beat the modern 
low-wing-loading dogfighters manoeuvring in the 
vertical plane 

Rather unexpectedly all the restrictions vanished in 
1973-74 mainly to pressure from Kingston. The first 
modification was a refined production version of the 
beefed-up nozzle system. Even more important was 
what was called a ‘combat plug’, a screw-in turbine 
temperature fuse that allows pilots to pull 
significantly more power when wingborne. The two 
minute installation of the plug (said Blot) gave more 
extra thrust than 20 years of development of the A-4 
engines. As a result, for periods not exceeding 272 
minutes — which is about the elapsed time for a typical 
dogfight - any number of viffing cycles, typically 


averaging 7 seconds each, could be made at much 
higher thrust, and without needing to think about the 
engine at all. In Blot's words: "The plug-equipped 


bird did everything asked of it, The Harrier had 
crossed the line from being good to being great . . . its 
ACM capability is absolutely eye-waterin| 

Much has been written cisewhere of the countless 
exercises flown by Marine Corps AV-8As, of their 
many seagoing deployments (covered briefly in the 
next chapter) and also of the numerous losses 
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suffered. In simple numbers the AV-8A attrition has 
been similar to that of the RAF: about 30 write-offs in 
ten years out of a 100-strong force. But the contrasts 
are astonishing. For one thing, the RAF Harriers 
spend almost all their time at very high speed at 
extremely low level, which is invariably below the 
minimum altitude for other air forces. The AV-8As 
spend their time at all altitudes up to about 35,000 
feet often involving prolonged air-combat or ground- 
attack dive manocuyres. Morcover, whereas the 
RAF suffered an unremarkable loss rate in the first six 
years and has since reduced it to a commendably low 
level, the Marine Corps did fantastically well in the 
first four years and then ran into a spate of accidents. 

s hampered by 
the fact that in Britain such information is not made 
available to the public, in contrast to the open 
reporting of other Western countries. Within this 
limitation considerable information can still be 
collected. One point worth making is that in the early 
years with their agile jet V/STOL the Marines trod 
carefully and among other things picked test pilots 
and second-tour aviators who flew by the book and 
had a mature outlook. But this, according to Tom 


Miller (now a general), made it look as if the AV 
could be flown ‘only by supermen. So we switched the 
policy and took aviators on a wider basis including 
some straight from flight school”. Conversion of first- 
tour aviators, especially before the TAV was 
available, led to a lot of incidents put down to pilot 
error, most of them at the time (typically after 30 to 
100 hours) at which the pilot feels he can "hack it” and 
starts to relax. But at no time has there been any 
evidence of particular difficulty or danger in either 
the V/STOL or wing-borne modes, except perhaps 
for need for especial concentration when crabbing in 
à strong cross-wind to a vertical landing (though to 
get into sideslip trouble a pilot has to ignore the 
autostab, yaw vane and rudder-pedal shaker) 

By 1976 the Marines had their complete single-seat 
AV-8A force, which was formed into Marine Air 
Group 32, with home base at Cherry Point, North 
Carolina. Apart from the pioneer VMA-513 it 
includes VMA-542 and VMA-231, and the training 
squadron VMAT-203. The front-line squadrons have 
piled up immense experience operating in all kinds of 
ions and environments, including dedicated 
aircraft carriers as well as the usual sea bases of LPHs 


Top: May 1979 and first flight from St Louis of the first AV-8C, 
rebuilt and re-equipped by MCAir using many parts from the UK 
IMCAir 


Far left: The Marines deliberately delayed ordering their two-seaters 
until 1975 because they were fearful of Congress cutting off funds for 
the main AV-8A force. Liftoff at Dunsfold of the first TAV-BA in 
1976. Though assigned to VMA(T)-203 for training, they also carry 
special radios for control of Marine ground forces./BAe 


Left: VA-1 of Essa 008 aboard PA-01 Dédalo; the wooden planks are 
quite unworried by jet V/STOL, though the pitch sometimes melted. 
[Rolls-Royce 
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(landing platform, helicopter) and LHAs (landing, 
helicopter assault), VMA-513 has been based at 
Iwakuni, Japan, and at Yuma, Arizona, while 
squadrons rotate on detachment to Okinawa. 
Despite the widespread use in US tactical units of 
‘smart’ (laser-guided) missiles, the AV-8A has never 
been retrofitted with a laser nose. By 1973 all had 
been retrofitted with the Mk 803 (F402-RR-402) 
engine, and during the period 1979-84 three-quarters 
of the surviving AV-8A force, or 60 aircraft, are being 
recycled through Cherry Points extensive 
engineering workshops to emerge as completely 
updated aircraft designated AV-8C (as related in 
Chapter 8 this designation was originally to refer to a 
different variant). The biggest 8C task is a complete 
structural rework under a SLEP (service life 
extension program) to clear the airframe for 4,000 
hours’ combat flying. On top of this is a CILOP 
(conversion in lieu of procurement) programme 
which adds the AV-8B type LIDs (lift-improvement 
devices) to increase mission load, greatly enhanced 
EW (electronic warfare) equipment, an on-board 
oxygen generator, improved UHF communications 
radio and the KY-58 secure voice transmission 
system. Full details of the EW update are not 
available, but they include RWR in the tailcone, 
forward-looking passive warning aerials at the 
wingtips (instead of on the fin, as in Harriers) and a 
Goodyear ALE-39 dispenser in the rear equipment 


bay for chaff payloads, jammers or flares. MCAir 
supplied the first kits for the 8C update conversions to 
be done at St Louis, and is continuing to supply kits to 
Cherry Point, with components supplied by BAe 
Kingston 

"There is another operator of the AV-8A, though 
the aircraft are almost unchanged. In 1972 the 
Spanish government began discussions with the 
British government and Hawker Siddeley, as a result 
of which John Farley flew a Harrier out to the small 
35-year-old carrier Dédalo and demonstrated what 
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the aircraft could do. To the surprise of everyone but 
the British, the wood-planked deck was not even 
scorched. This was clearly what the Spanish Arma 
Aérea (naval aviation) wanted; they planned to build 
a modern Se: ntrol Ship ), with help from the 
Americans who at that time were eager to build SCSs 
themselves. In the event the Spanish had to buy the 
SCS design and get on with the ships themselves, with 
expert help from Gibbs and Cox of New York. By 
1984 they should commission their first V/STOL 
carrier, at present known merely as PA-01, rather 
smaller than HMS Invincible but with a properly 
engineered bow ski-jump. 

With the ship in hand in 1973 the Navy Minister, 
Admiral da Veiga y Sanz, announced a requirement 
for 24 Harriers. The stumbling-block that a 
future Labour government in Britain almost 
certain to cancel any contract, so an uncancellable 
deal was worked out whereby Britain sold to the US 
government, the aircraft were shipped to the USA 
and MCAir in St Louis did the final assembly and 
painting. Though the first contract in 1975 included 
an option on the projected AV-16A the main 
provision was for six AV-8S, called Harrier Mk 55 in 
Britain and VA-1 Matador in Spain, plus two TAV- 
8S, Mk 58, VAE-1. In 1977 a repeat order was placed 
for five more AV-8S, and as Spain now had a more 
democratic form of government there was no 
problem and this deal was a straight buy from British 
Aerospace. The Matadors equip Essla (Escuadrilla) 
008, whose home base is Rota but which has operated 
almost continuously from the old wooden deck of 
Dédalo, with conspicuous success. 


Above left: Flapped STO by AV-8C during e 
LHA-2 Saipan in October 1979 /MCAir 


arked trials aboard 


Above: A finc picture of a Matador (Aircraft No 9) retracting gear 
after a rolling takeoff. Note radio altimeter aerials in ventral fin, /BAe 


Far left: Matador No 9 in the Dunsfold engine-running pen prior to 
delivery. Note the hold-down chains on euch landing gear, and the 
extra broad VHF n the twin front pair behind the. 
inopy and the 1) added for communic 
compatibility with Armada helicopters./BAe 


Below: USMC Harriers of VMA-542 from Cherry Point, NC seen 
aboard HMS Hermes during cross-deck operations./MoD 
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Though mostly about a special version of the Harrier, 
this chapter also covers fixed-wing V/STOL at sca 
generally. But it cannot do so in depth; the subject is 
gigantic. Even the technology of flying a Harrier from 
a ship is one that already fills many large volumes. 

Operation of rotating-wing V/STOLs from ships 
began in 1942 if not earlier, and in 1948 the US Navy 
studied prospects for fixed-wing V/STOL fighters 
that could operate from surface vessels, But the 
modern era of maritime V/STOL airpower really 
dawned on 9 February 1963, when Bill Bedford lifted 
off from Dunsfold in the first P.1127 and flew out to 
HMS Ark Royal. Since then Harriers have operated 
from more than 40 ships of nine navies, under almost 
every conceivable circumstance. 

The early flying from Ark, which was at the 
invitation of a Royal Navy that had no idea it was 
soon to lose its conventional fixed-wing airpower, 
covered a great deal of new ground without the least 
difficulty, though Bedford had never flown aboard a 
ship previously. In 1966 ex-TES XV-6As briefly 
operated from USS Independence and Raleigh, while 
later that year a Kestrel aboard HMS Bulwark 
showed jet V/STOL and helicopter flying to be 
compatible on the same deck. The small deck of 
Andrea Doria was referred to in an carlier chapter. In 
1969 a Harricr operated from USS La Salle, a 
command ship with a small aft platform, while 
another really set the world’s navies talking by 
operating from the aft platform of HMS Blake while 
rolling +6° at sea with WOD (wind over the deck) 
gusting from 35 to 40 knots. 

In 1970 Harriers flew Service Release trials from 
Eagle, clearing the way for RAF No 1 Sqn 
(landlubbers to a man) to go to sea in Ark Royal 
Later in 1971 AV-8As completed BIS trials aboard an 
LPH (Guadalcanal) and LPD (Coronado). In 1972 a 
two-seater went aboard Vikrant of the Indian Navy 
and flew 22 sortics in two days in the tropical 
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monsoon season. Later that year trials were flown 
from the wooden planks of Dédalo, as noted in the 
preceding chapter. In 1973 the French Navy invited a 
Harrier aboard the LPD Jeanne d'Arc and carrier 
Foch. The smallest jet-compatible decks so far are 
those of the Royal Fleet Auxiliaries Olwen and Green 
Rover, 55ft by 85ft. In the North Atlantic USMC 
squadron УМА -513 operated from USS Guam (then 
serving as the Interim Sea-Control Ship) in weather 
too severe for helicopter flying. Later, in 1974, this 
squadron again went aboard Guam for six months in 
the Mediterranean as part of the 6th Fleet's 
Amphibious Assault Force. In the course of this 
deployment the AV-8As also operated from carriers 
and from aft-platform LPDs. 

In 1975 the Harrier GR. 
aboard Ark, with relevanci 


to the EP Pe 
and Sea Harrier, In September 1976 another Marine 
Corps squadron, VMA-231, embarked in the carrier 
Franklin D. Roosevelt for eight months with the 6th 
Fleet. In the course of this long deployment over 
2,000 hours were flown in more than 2,000 missions, 


one-fifth at night, without a single accident or 
incident. The Navy crew of the carrier were 
impressed at the way the AV fitted into the ship's 
flying pattern, and the minimal demands the unique 
jets made on the carrier for launch or recovery. 
During this deployment the squadron flew across to 
Guam at short notice, steamed through the Suez 
Canal, flew in mass formation over Nairobi on 
Kenya's Independence Day and then rejoined FDR 
in the Med. This deployment was such splendid 
reading the report was suppressed by the US Navy 
Department 

This merely skates over the immense background 
of experience gained with the Harrier at sea. As early 
as 1972 Hawker Siddeley test pilots had defined the 
optimum techniques for different kinds of mission. 
The quickest reaction time is gained with VTO, less 
than 90 seconds from initiation of engine start to fully 
wing-borne being typical. VTO also removes the 
need for the ship to alter course or speed (except at 
very rare МОО speeds), burns least fuel (under 10016 
to fully wing-borne flight), gives least sensitivity to 
deck motion and allows very rapid launch sequencing 
with each Harrier requiring a spot clearance radius of 
only 30 to 40 feet. STO, on the other hand, enables 


Above right: In 1972 the civil G-VTOL flew 22 sorties in two days from 
INS Vikrant during the monsoon season. [Rolls-Royce 


Right: Ferranti's Blue Fox is one of the neatest radars around, 
working in 1/1-band, monopulse, with flat aperture aerial, The whole 
set weighs less than 1901b./ Ferranti 
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mission load to be increased, and John Farley and his 
colleagues worked out optimised ADD readings for 
ship STOs, making use of the fact that, unlike STO 
from land, the aircraft may safely sink after running 
off the end of the deck (when it is instantly out of 
ground effect). Deckrun and WOD can be traded, a 
typical case being a 500ft run and 30 knots WOD 
which gives just twice the payload limit for VTO. The 
deck runway width need be no more than 38.5 feet, 
the pilot steering along ‘tram-lines’ 7 feet apart 
Landings are always vertical, so the normal operating 
mode is abbreviated as STOVL, short take-off and 
vertical landing, 

Again, by 1972 various fundamental truths had 
been established for jet V/STOL from a ship at sca. 
No catapult, arrester wires or barrier are needed. The 
takeoff run is whatever the deck offers, and Harriers 
can line up nose-to-tail and make STO launches 
without problems due to the full-throttle aft-facing 
jets. Jet wash is no problem to men or equipment 
outside the runway safety line, though in VTO or VL. 
aircraft should not overfly others. There is no 
problem with deck erosion or heating, and one could 
walk in bare feet over a steel deck immediately after a 
Harrier VTO or VL. Not least, in addition to opening 
up small and simple ships to high-performance 
airpower, jet V/STOL is demonstrably casier and 
safer than traditional fixed-wing carrier operations. 

Having said all this, one marvels not that the 
Admiralty considered the Sea Harrier as far back as 
1972 but that it took so long. Of course with Britain's 
closed style of government we cannot tell how far the 
decision to phase out conventional carriers and fixed- 
wing seagoing airpower reflected the future planning 
of the Admiralty, and Britain's withdrawal from 
global commitments, and how far it was imposed by 
an anti-defence Labour government against the 
Royal Navy's wishes. (In the same way, it is even now 
hard to discover how far the Sandys ‘no more manned 
aircraft’ was a nonsensical doctrine imposed on an 
unwilling RAF and how far it reflected the future 
planning of the RAF itself, as Sandys said it did.) 
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Above: Two Hunter T. Ms helped develop Blue Fox and are now 
serving as system trainers at RNAS Yeovilton. A third, and possibly 
а fourth, will be converted./BAe 


Riglit: Three-view of the Sea Harrier FRS.1 with tanks and 
Sidewinders (nose fold shown in plan view)./BAe 


Below right: The nav/attack system of the Sea Harrier is not only 
hensive than that of land-based Harriers but also quite 
different. A funds I advance is that it is digital /BAe 
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When the P.1154RN was planned as the replacement 
for existing Fleet Air Arm fighter and attack aircraft it 
was intended it should be based aboard traditional 
carriers, Four were in commission - Ark Royal, 
Eagle, Victorious and Hermes — and a new ship, 
CVA-OL, was about to be laid down. It seems to have 
been a major surprise to Their Lordships when the 
1966 White Paper on Defence not only cancelled the 
new ship but announced the elimination of FAA 
fixed-wing airpower. Certainly the matelots did not 
take kindly to the idea, as witness the way the slogan 
FLY NAVY appeared across Britain. 

The Royal Navy had had aeroplanes since 1911 and 
it is surely extraordinary that, when Hawker was 
allowed to sec if a P.1127RAF was feasible, no 
murmur of interest emerged from the Admiralty. 
Like the RAF the naval aviators were steeped in big, 
traditional airpower, which had come to mean Mach 
2. While the low-level attack mission might possibly 
be performed by a Harrier — though it was regarded at 
first as puny — the Navy had an important air-defence 
mission which called not only for interception radar 
but also for supersonic speed. This very unfortunately 
caused the full potential of the Harrier to be 
completely overlooked from 1965 until 1972, and 
even then it was another three years before any 
decision was taken. Bearing in mind the crippling 
erosion of capability due to inflation, this profligate 
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waste of time is to be regretted. For the record, the 
French planning was even worse: they rejected the 
Mach 1.6 Jaguar M and adopted the Super Etendard 
which is not only slower than a Harrier but also 
dependent upon traditional carriers and their deck 
machinery. 

That a Maritime Harrier eventually came 10 pass is 
due both to the demonstrable impossibility of the 
small RAF Harrier force handling shipboard missions 
and to the farsighted vision of one or two naval 
officers. When the RN fixed-wing force was phased 
out, a widely-held supposition was that RAF Harriers 
would go to sea and take over the Fleet Air Arm's 
fixed-wing missions, So far as one can discover 
nothing was done to specify roles, missions or 
equipment for the RAF Harriers in such extra duties, 
but Hawker Siddeley did design two small 
modifications to clear Harriers for shipboard 
operation. One was to add tie-down shackles to the 
outrigger gears, and the other was to alter the wiring 
of the anti-skid brake system so that, when switched 
to off, the nosewheel steering is engaged, preventing 
the nosewheel from free castoring on a rolling deck 
As previously noted, No 1 Sqn RAF was cleared for 
shipboard deployment in carly 1971; but the 
impossibility of the three over-stretched Harrier 
squadrons also taking over the Fleet Air Arm's fixed- 
wing commitments, especially air defence of the Fleet 
at sea, seems eventually to have been understood. 

General acceptance of a Royal Navy Harrier dates 
from early 1971. At first called the Maritime Support 
Harrier, it became known as the Maritime Harrier 
and finally was named Sea Harrier, At this time there 
were many attractive possibilities. Rolls-Royce, in 
possible partnership with Pratt & Whitney, proposed 
a refanned engine designated Pegasus 15, and in May 
1972 a demonstrator Pegasus 15 ran at over 25,000 Ih 
thrust at Bristol, Hawker Siddeley, in partnership 
with McDonnell Douglas, was engaged in studies for 
an advanced Harrier using this engine, and, as 
outlined in the next chapter, this became the AV- 
16A. There were several options for weapons and 
mission equipment, and a wide spectrum of available 
radars, most of them not British. Most of the 
possibilities were thrashed out at meetings in 1971-2, 


Results were extremely good./Rolls-Royce 


Below: HMS Invincible is now at sca with No 800 Sqn embarked. 
Here an aircraft of No 899 Syn can just be scen against the funnel 
casing. while a plane-guard Sea King watches /RNAS Culdrose 


Top right: While ship designers everywhere are drawing exciting jet 
V/STOL ships, with ski jumps at the bow or stern, a possibly more 
important idea is to prepare fast civilian container ships so that, in 
emergency, they could be Sca Harrier bases within a day or two. This 
is the BAe/Fuirey Arapaho concept./BAe 


Below right: Three-view of Sea Harrier FRS.1, without pylons,/BAe 


but the dominant feature of these all-British talks was 
that there was no money. The RAF and RN had 
overspent, neither eager to cut existing 
programmes to sponsor a Maritime Harrier, and 
government funding was not offered. A further 
complication was that there were many possible sizes 
and configurations for the associated ship. 
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As at that time the notion of fixed-wing carriers in 
Britain was still taboo the ship was given the odd title 
of through-deck cruiser (TDC). As early as 1969 the 
RN Ship Department at Bath had begun detailed 
studies for a new class of so-called cruiser of about 
20,000 tons, basically similar to the USS Iwo Jima 
with an island bridge structure and through (ie 
unbroken from stern to stem) deck. It was said they 
would have threc main capabilities: deployment of 
ASW (anti-submarine warfare) helicopters, 
command/control of naval and maritime-air forces, 
and ‘a contribution to area air defence’, It was the last 
bit that was unexplained, and two ycars later, when 
Vickers at Barrow were well into ship design under 
contract, it was still ‘unknown’ whether the Harrier or 
any V/STOL would be suitable for shipboard usc. 
Why this was not known was never explained, but a 
clue may be afforded by the 1970 Brassey's Annual 
which said, of the Harrier, ‘The present model has 
too short an endurance to enable it to fulfil the 
functions of a shipborne aircraft’, 

This belief was mistaken, as the fuel capacity of 
today's Sca Harrier is the same as it was in 1970, but 
there were clearly powerful unexplained factors 
working against the acceptance of a Maritime 
Harrier. One of the main reasons for slow progress 
was undoubtedly a major inter-Service battle 
between the high-level planning staffs in MoD(RN) 
and MoD (Air). Certainly the Royal Air Force saw 
the re-emergence of a fixed-wing Fleet Air Arm as a 
threat to its share of the rapidly diminishing Defence 
Vote. Very properly it questioned the strategic 
requirement for the 'See Through Carrier in a 
streamlined Royal Navy whose role was supposedly 
confined to NATO. In particular it was highly 
sceptical — and in this it was joined by not a few Naval 
officers — of the survivability of any largish slow 
surface ship in the age of the high-speed nuclear- 
propelled attack submarine and the sophisticated 
homing missile, 

The RAF was particularly sceptical about the 
Navy's claim that it needed the new ships and the S 
Harriers to provide for ‘air defence of the Fleet’. 
"What Fleet", some light-blue cynics not 
unreasonably asked; but, that apart, the RAF 
scepticism was well-placed. How much air defence 
was likely to be provided by a clutch of three or four 
subsonic Sea Harriers against a threat that would 
almost certainly include missile-armed supersonic 
Backfire bombers? Moreover, what little ‘air defence’ 
was provided would be ‘point-defence’ of the 
Harriers’ own base and its immediate vicinity — a very 
wasteful use of expensive air power, and virtually 
impossible to integrate into a more sophisticated area 
system. Even more worrying to the RAF planners of 
the day was the thought that gullible politicians, 
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believing that the Navy could defend itself from air 
attack in UK offshore waters, might cut the RAF's 
role in NATO Area 12, and with it the requirement to 
develop an air-defence variant of the MRCA - later 
known as Tornado. Possibly the diehards still insisted 
the crew had to include an observer (navigator). 
Suffice to say that in August 1972 a Naval Staff Target 
was finally issued. which not only represented the. 
rebirth of the fixed-wing Fleet Air Arm but also was 
actually written around the existing Harrier airframe. 
‘The budget situation was such that it was a take-it-or- 
leave-it chance of buying a V/STOL changed as little 
as possible from that already in production. The 
contract for completion of the TDC design was placed 
in the same year, and in April 1973 Vickers received 
the contract for construction of the first ship, later 
named /nvincible (incidentally, never before the 
name of a carrier). The TDC apellation gradually 
faded into disuse, being replaced by Command Class 
i AS (anti-submarine cruiser) or САН 
(Carrier, Assault Helicopter). 

In November 1972 Hawker received a contract for 
the Sea Harrier design study and development cost 
plan. As the original staff target had, for cost reasons, 
been based on what could be achieved with no major 
change to the Harrier other than its equipment, the 
work could have been speedy, Sadly the halting 
progress grew, if anything, worse as the months 
ticked by. A trickle of funding just held the Kingston 
team together until in December 1973 the company at 
last heard the long awaited go-ahead was to be 
announced the following week. Instead the 
Commons was engrossed with the Fuel Cri soaring 
inflation and the Three-Day Week, leading in 1974 to 
a new Labour administration whose main interest 
with Defence was to sce what could be cancelled, The 
only progress in 1973 was an award to Rolls-Royce to 
develop the Pegasus 104 and one to Ferranti for Blue 
Fox. The Pegasus 104 is a Mk 103 with some material 
changes (for example, the fan casing is aluminium 
instead of — magnesium/zirconium), sacrificial 
corrosion protection and an increased-capacity 
gearbox. Blue Fox is perhaps the most important 
single new item in the Sea Harrier and it is one of the 
best radars in any small maritime aircraft. Derived 
from the same maker's Seaspray, used in naval Lynx 
helicopters, it is likewise a frequency-agile 
monopulse set with electronic scanning and good 
versatility for use in hostile ECM/ECCM 
environments in both the air/air and air/surface 
modes. Inflation wrecked the hope that radar 
information could be presented on the HUD, so the 
display is a head-down daylight-viewing box with TV 
raster presentation. 

In 1974 the near-zero progress seemed to slow 
further, and by spring 1975 many people in industry 
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Top: Any pilot of a Harrier or AV-8A will appreciate the markedly 
different ‘office’ of the Sea Harrier; a portion has been blanked off 
for reasons of security. CCS communications control system./BAe 
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Right: First flight of a Sca Harrier, by the third aircraft still in its 
primer paint in August 1978,/BAe 
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Top left: AV-8A Harriers of VMA-S13, the first USMC squadron to 
form on the type, securely tied down to the deck of USS Guam. 
during Interim Sea Control Ship tests in January 1972./US Navy 


Top right: Sca Harrier FRS. 1 of No 801 Naval Air Sqn (NAS) at 
RNAS Yeovilton in February I981./Denis Calvert 


Above: Ihe first front line squadron to form on the Sea Harrie! 
No 800 NAS, one of whose aircraft is seen hei 
denoting its assignment to HMS Hermes 


was 
with the ^H" fin code 
Denis Calvert 


Left: Sca Harriers of the Fleet Air Arm's trials squadron, No 700A, 
aboard HMS Hermes in November 1979. Danny du Fell 
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had given up hope. Then on 15 May 1975 Defence 
Minister Roy Mason suddenly announced that the 
RN was to acquire 24 Sea Harriers, to operate from 
three of the through-deck ships. The news came over 
the BBC and John Fozard, then chief designer 
(Harrier), and chief test pilot John Farley were told 
by Dunsfold tower as they were on short finals in the 
company Dove! 

Probably no aircraft in history has had so long and 
needlessly delayed a gestation. Even then Hawker 
did not get an Instruction to Proceed until well into 
June, but by that time all the basic design was 
understood and detail work had started. Almost all 
the effort was devoted to creating a new front end; 
hardly anything else was altered, Whereas in 1963 the 
RN view was that the P.1154 was a non-starter 
because it was a single-seater, by the mid-70s the 
validity of a single-seat aircraft was unquestioned 
But the man in the seat had a lot to do, and to ease his 
work-load and accommodate a considerably 
augmented  nav/attack installation with тоге 
comprehensive cockpit displays the decision was 
taken as far back as 1972 to redesign the forward 
fusclage with the seat and canopy raised by about 11 
inches. As a bonus this gives much better all-round 
view, and also allows the pilot to check the outrigger 
gears which in the Harrier are masked by inlets. 

It was agreed that there would be no Sea Harrier 
prototype, all 24 aircraft being built in production 
tooling. The first three, XZ438-440, were to be 
instrumented for manufacturer's flight test and 
development, and first flight was set for July 1977. 
Meanwhile, much work had already been done on the 
new systems, notably the radar. Ferranti's Electronic 
Systems Department not only had the Seaspray as a 
starting point but also the experience of intefcept and 
attack radars for the Lightning, Buccaneer and 
TSR.2 (and would have supplied radars for both 
ions of P.1154). The requirement was for air 
pt and air/surface-vessel search and strike. 
called for four airborne operating mod 
search, with a Sector (B-type) scan or PPI with multi- 
bar or single scan; attack, with lead-pursuit or chase 
in the air-combat mission and weapon-aiming via the 
HUD in surface attack; boresight, for ranging on 
targets of opportunity; and xpdr (transponder) for 
the identification of friendly radar returns. Blue Fox 
operates in I-band (previously called X-band) and 
like all modern sets is made up of line-replaceable 
modules with built-in test and MTBF (mean time 
between failures) planned in 1972 for 100 hours, 
predicted in 1978 at 120 and actually coming out 
nearer 300. The trim 1861b package was first flown on 
9 January 1978 in a Hunter T.8M, one of two two-seat 
Hunters rebuilt by Hawker Siddeley at Brough with 
the complete Sea Harrier nav/attack system. Initially 


used for systems development, one at Dunsfold and 
the other at Bedford with the Royal Signals and 
Radar Research Establishment, they are now serving 
as system trainers with the RN. In addition, in 1974 
Hawker flew a P.1127RAF, XV277, with a metal 
mock-up radar nose, bul this could not be 
representative of the final shape which goes with the 
raised cockpit. Another change in the definitive form 
is relocation of the long pitot boom above the nose 
somewhat resembling the arrangement on the 
Harrier GR.3 with laser nose. 

Raising the cockpit provided 11 inches extra depth 
under the floor, more space on the side consoles and 
greater depth behind the front panel, all of which has 
been used to the full. In addition the seat is the 
faster-acting Mk 10A, taking only 1.5 sec from 
initiation to full parachute deployment. Another 
important change is that, as well as giving 360° view 
horizontally, the canopy is bulged to give a rather 
better view downwards. As noted in the last chapter, 
this cockpit and canopy may be used on any future 
RAF Harriers. 

An accompanying block diagram shows the totally 
different and more comprehensive avionics, 
Inevitably the switch has been made to all- 
processing in place of analog, and there are s 
computers for navigation, attack and weapon-: 
(via the HUD) and air-data. The HUD itself has 
greater versatility, especially for the air/air role, and 
the lens and reflector plate are larger than in previous 
Harriers. Symbology and graphic inputs are supplied 
by a 20,000-word computer. Ап 8,000-word 
computer ties together the navigation system which, 
to avoid alignment problems at sea, is no longer pure- 
inertial. It comprises a master attitude reference 
related to that of Tornado but with lower-cost (not 
INS-quality) gyros, with output monitored by Decca 
Type 72 doppler. This gives accuracy as good as that 
of a Harrier for about the same system cost but with 
greater flexibility and without the need for pure- 
inertial techniques. (At the same time the author has 
no doubt of the viability of these techniques at sea, 
which were abundantly explored aboard Eagle in 
1970 and Guam in 1972 and today can be tied to other 
navaids such as Omega.) 

The rest of the Sea Harrier is almost unchanged, 
and the landing gears in particular needed по beefing- 
up though a small change was to add lashing lugs, To 
match the increased side area of the nose the fin was 
enlarged by building in the RWR as an extra section 5 
inches deep. The tailplane nose-up travel is extended 
2° and the roll-control RCVs at the wingtips are 
enlarged to give even more powerful control in 
possible turbulence in ship wakes. The wheel brakes 
have an emergency system for use in confined spaces, 
the engine water-injection can operate for longer 
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periods (for example, during a protracted approach 
in a heavy sca) and not only is magnesium avoided in 
the airframe but special marine paint coatings are 
used. To reduce pilot workload, especially with radar 
in use, the flight controls are not only autostabilised 
but a simple autopilot function is added, giving 
heading, height and turn hold. Electrics and 
hydraulics are both considerably revised, and the lox 
(liquid oxygen) system is by a different supplier 
(British Oxygen) and of a different type. The engine 
drives more powerful alternators, mainly because of 
the radar, and the nozzles are stressed for viffing. The 
main leg incorporates a holdback anchor; originally it 
was intended to engage with a hydraulically snubbed 
arrester in the deck, the pilot severing the tie after 
confirming correct engine thrust and the deck party 
retrieving the tie-rod for re-use. The ventral fin 
contains a radar altimeter. 

While the Sea Harriers were taking shape, a 
completely new idea made ship (or any other) 
vectored-thrust V/STOL even more attractive, IL was 
so blindingly obvious that it took a genius to think of 
it; Lt-Cdr Doug Taylor, RN, has so many novel ideas 
that a few are bound to come off. He proposed that 
V/STOL ships should have what soon became known 
as a ‘ski jump”, an upward curvature at the end of the 
STO run to impart a positive vertical velocity to the 
aircraft, The basic advantage is that much heavier fuel 
or weapon loads can be lifted from a given deck run; 
or the same mission can be flown from an even smaller 
and cheaper ship. An important secondary advantage 
is enhanced safety. 

In the normal STO the aircraft accelerates at full 
power with nozzles aft and at the takeoff point (in a 
ship, the end of the deck) the nozzles are rotated to 
the 50° stop. This gives enough lift, together with that 
already generated by the wing, to support the weight; 
the residual forward thrust component gives 
increasing airspeed. With a ski jump the curving 
upward semi-ballistic trajectory means that the 
aircraft can leave the end of wheel support, at the end 
of the curved ramp, at a much lower speed, say 60 kt 
instead of 90 kt. With nozzles at 50" there is still not 
enough lift to support the aircraft, but as it arches 
upward it flies ever-faster and after 10 seconds levels 
out at the required airspeed. Moreover, by this time it 
is not at deck height but at about 200 feet. This means. 
that, should there be total engine failure in the first 
few seconds of flight, the pilot has much longer in 
which to recognise the situation and eject than the 2 
seconds in a flat launch at deck height. While a cat 
launch of a CTOL aircraft can be fired while the ship 
is in the bows-up part of her pitch cycle, a V/STOL 
takeoff takes longer and could conceivably be timed 
so that the aircraft left the front end of the deck at the 
worst point in the pitch cycle, literally pointing down 
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at the sca. With a ski jump there is always a positive 
vertical velocity even in this unlikely eventuality. Ski 
jumps make great sense in land operations, but have 
not yct been made easily portable. 

The first ski ramp was a big adjustable installation 
built by British Steel (Redpath Dorman Long) at 
RAE Bedford, the first Harrier ski takeoff being on 5 
August 1977 at a 6" exit angle. By December 1977 a 
12° angle was being tested, with endspeeds at 
maximum weight as low as 75 knots — an amazing 65 
knots less than for a runway STO takcoff. By this time 
every pilot who could find an excuse had flown a 
ski-jump takeoff — the total soon exceeded 100, by 
day and night, in over 1,000 launches — and trials 
included 15° and 172” at speeds down to 42 knots 
before finishing at 20° at which the Harrier oleos were 
just bottoming because of the 4 g normal 
acceleration. Most unfortunately, though nobody 
could claim the ski-jump trials were protracted, the 
first two Command cruisers Invincible and Illustrious 
were designed with a Sea Dart SAM on the centreline 
at the bow, virtually their only armament, and this 
has restricted the ramp to a mere 7°. The third ship, 
Ark Royal, will have a 12° ramp right at the bows. 
Another ski-equipped ship is Hermes, a CAH, als 
with a 12° installation. Not yet reflected in published 
ship designs is the smaller size of vessel that can 
operate Sea Harriers using this immensely rewarding 
technique. Bearing in mind that endspeed is squared 
to give the deck run, it can be seen that, at a guess, a 
5,000-ton ship could embark Sea Harriers, if designed 
from the start for such a role. 


Construction of the first Sea Harriers was delayed 
by industrial unrest and other problems unconnected 
with the aircraft. Eventually the third machine, 


XZ450, overtook the others and made the first flight, 
unpainted, on 20 August 1978. Painted, it did 15” ski 
launches at the Farnborough show two weeks later, 
on a sagging catenary by Fairey Engineering based on 
the Medium Girder Bridge. XZ451 was handed over 
to the RN on 18 June 1979, and the Intensive Flying 
Trials Unit, 700A Sqn, commissioned at Yeovilton on 
19 September 1979, A month later this unit joined 
Hermes with two aircraft, plus two more from 
Boscombe Down and a fifth from Dunsfold, for an 
outstandingly successful sea trial (G-VTOL also 
participated). The programme included day and 
night flying with all weapon options and in strong 
crosswinds or deliberate mistrim of the aircraft. All 
the 126 landings were vertical, one of them with 
1,0001b bombs on the outer pylons. 

Today 700A has become 899 Harrier HQ Sqn, 
training pilots and co-ordinating the standards and 
doctrines for the three seagoing front-line units, Nos 
800-802 Sqns. No 800 Sqn, traditionally the RN's 
crack aviation unit, commissioned in April 1980 and 
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embarked aboard Invincible in January 1981. In the 
same month No 801 was commissioned, and hefore 
this book appears will have relieved 800 aboard 
Invincible; 800 will have joined Hermes after her refit 
and addition of a ski jump. Earlier, in 1980, Hermes 
had been the first of the four V/STOL ships fitted with 
HAPI (Harrier approach path indicator), devised by 
Dr Reg Dawson at the Admiralty Surface Weapons 
Establishment and Tony Smith at RAE Bedford. A 
red/white optical system, it comprises two units on 
the left side of the deck and a CAI (close approach 
indicator) 28 feet above the deck on the left side of the 
superstructure, 

In May 1978 a further ten aircraft were ordered, 
bringing the RN total to 34, of which 14 had flown by 


April 1980 and 26 a year later. Because this aircraft 
gives real capability from small, simple ships it has 
generated global interest — startlingly more than the 
Harrier itself — and the first of many anticipated 
orders was placed by the Indian Navy in December 
1979 (it was not announced until June 1980, and the 
recipient was not identified). Six Sea Harrier FRS.51s 
were ordered, to a standard almost identical to the 
FRS.1, together with two navalized Harrier T.60 
trainers. A further six Mk 51s were expected to be 
ordered as this book was written. They will be 
delivered trom 1983 for use aboard INS Vikrant and, 
in about 1991, a completely new V/STOL ship at 
present being designed in India. Several other 
countries are discussing purchase of Sea Harriers. 


Three views of No 801 NAS aboard HMS Invincible in June 1981 
| Denis Calvert 


The AV-8B 


Ten years ago seems like a prehistoric era in which 
inflation was a relatively minor problem, so that it was 
logical to develop aircraft in the traditional way. By 
1970, therefore, Hawker's project team had already 
carried out studies into advanced developments of 
the Harrier. In 1971 it was joined by McDonnell 
Aircraft (MCAir), while the Rolls-Royce Bristol 
team linked up with Pratt & Whitney on advanced 
Pegasi (if that plural is not pedantic), Sadly, it was all 
to come unstuck, The one good thing to come out of it 
was an American aircraft which is the subject of this 
chapter. 

Most of the Kingston studies were done under the 
project number of P.1184 and 1185, popularly called 
Super Harrier, Extra thrust seemed essential, 
Kingston did not have to make much hardware, 
though by 1972 models were being tested in tunnels; 
but Bristol did decide to build a demonstrator engine 
to show the performance possible with the Pegasus 
15. This was planned as a low-cost, low-risk engine 
using as many existing parts as possible but with a fan 
increased in diameter by 21⁄4 inches, representing the 
limiting size that could be accommodated in the 
Harrier fuselage. This greatly increased mass flow, 
which is roughly proportional to the square of inlet 
diameter, and so called for enlarged inlets and ducts, 
in turn requiring modified Harrier fuselage frames. 
Apart from this the engine was little different and, at 
company expense, a representative Pegasus 15 fan 
was built on to an existing corc. The design thrust of 
the definitive engine was 24,50016, so the engine 
designers were pleased to record 24,9001b with this 
crude lash-up in May 1972, This augured extremely 
well for the next V/STOL generation, and in fact, 
25,0001b thrust was assumed by both Hawker and 
MCAir in their studies. 

Predictably the RAF showed little interest, 
because of lack of money; all it had in mind was a 
long-term plan for a Harrier replacement. But the 
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Marine Corps was interested in an advanced Harrier 
as a replacement for the A-4, while the US Navy had a 
range of possible requirements, notably the Hipaas 
(high-performance attack aircraft system) and a 
multi-role V/STOL fighter for use aboard the Sea 
Control Ships, a new class of extremely advanced 
versatile ships of 11,000 to 16,000 tons able to operate 
jet V/STOLs and hclicopters as well as deploy other 
systems. As noted in the preceding chapter the Royal 
Navy was also coming round to appreciate the 
possible value of a Maritime Harrier, so the prospects 
were good for a really big next-generation 
programme. 

At government level a Joint Management 
Committee was set up with co-chairmen (Rear- 
Admiral D. K. Weitzenfeld USN and D. J. Harper of 
Mintech), project managers (Col R, C. Marsh USMC 
and Air Cdre E. Burchmore), financial specialists (C. 
L. Davis and A. Chinneck) and engine specialists (A 
S. Atkinson and J. Forshaw). This board was the 
interface between the four customers (USN, USMC, 
RAF and RN) and thc four industrial companies 
(HSA, MCAir, К-К and PWA). With the 
concurrence. of Naval Air Systems Command, 
МСА raised two new designations to follow the 
AV-8A: AV-8B for the existing two-seater, and AV- 
8C (later AV-16A) for the proposed Advanced 
Harrier with the Pegasus 15. The basic assumption 
agreed by all parties was that the new aircraft would 
have a redesigned wing, and be able to carry mission 
avionics and weapons specified by the four 
customers, but would otherwise be a minimum-cost, 
minimum-change derivative of the Harrier/AV-8A 

This was a crucially important point in the entire 
story, not only of the Harrier but of the effective 
military strength. of the West. The possibility of 
perhaps 2,000-plus related Advanced Harrier type 
aircraft configured for four launch customers and 
many foreign buyers was obvious. But there were 
small seeds that were to grow and destroy the whole 
programme. By far the largest was the self-centred 
outlook of the US political machine, which 
traditionally and instinctively resisted anything 
tainted with the label ‘foreign’. Second, the general 
view in the Defense Department was that the Hawker 
V/STOL idea was simple, crude and old-fashioned; 
instead of recognising that the simplicity was its 


Right: One of the might-have-beens was the HSA/MCAir AV-I6A, 
scen here configured for the USMC, RAF. RN and USN. It would 
have had a long-span supercritical wing and Pegasus 15 engine of 
25 0001 thrust, Moral: if you delay decisions long enough, inflation 
makes them impossible anyway./Rolls-Royce 
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HIGHLIGHTS SUPERCRITICAL 
TECHNOLOGY AIRFOIL 
e Reduced Transonic Drag 

AI: e Improved Maneuvering 

RAISED COCKPIT art: 
e Improved Visibility 

Composite Structure 
e Reduced Weight 

156 10) 


ANGLE RATE 
BOMBING SYSTEM 
е Improved Weapon 

Delivery Accuracy 


POSITIVE CIRCULATION 
e Increased STOL Capability 
(6717 ib) 


COMPOSITE 
STRUCTURES 
© Reduce Weight 
1330 ib) 


INLET 
LIFT IMPROVEMENT 


е Increased Recovery (1%) 
е Batter Cruise Efficiency 
@ More VTO Weight (600 Ib) 


DEVICES 
e VTO Lift increased 


(1200 Ib} 
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strength, so that it alone would succeed, it regarded 
anything of this ilk as small and interim. The main 
effort by Navair was to fund later V/STOL ideas by 
US industry, and in particular ideas which it 
considered better suited to supersonic flight than a 
turbofan of large frontal area with a ‘four-poster’ 
nozzle system. 

A secondary problem was the wealth of 
possibilities. The preferred minimum-change aircraft 
was a Harrier or AV-16A with a Pegasus 15 and a 
wing of longer span and more area, housing more 
fuel. There were also many small things that could bc 
done to augment lift, or reduce losses, and thus carry 
heavier loads of weapons or fuel even on the existing 
engine. The basic wing had a deep supercritical 
section and long span tailored to existing missions and 
offering much higher performance except in speed, 
which might cven be slightly reduced. In the longer 
term Navair wanted a supersonic aircraft for the Sea 
Control Ship, and asked Kingston how such a 
machine should be designed. The Rolls project 
engineers began producing brochures on a Pegasus 15 
with PCB to be rated at 34,500Ib — more even than the 
BS.100/9. 


Above left: The ultimate form of AV-16 was the all-British S-6, one of 
a seris of supersonic proposals which departed ever further from the 
existing Harrier but capitalised on the P.1154./BAe 


Below left: Dating from 1977 this diagram outlines some of the major 
ways in which McDonnell Aircraft turned the A V-8A into the 
AV-8B./MCAir 


Below: This diagram showing a Harrier hovering near the ground 
helps explain how the central fountain can suck down, be reingested 
and with proper airframe changes = greatly increase lift /BAe 


Doubtless the Navair assessors did their best to 
make the correct choice for the SCS V/STOL but, as 
one reads the reports, it becomes obvious that the 
AV-8C was not really considered. It was thought to 
be a brute-force approach which also relied heavily 
upon pilot skill; what Navair wanted was something 
with clever augmentation of the lift jets, combined 
with black-box automatic control and packaged in an 
airframe which, when the propulsion system was 
switched to the forward-flight mode, was suitable for 
Mach 2. On 13 October 1972 Navair awarded the 
contract to North American Rockwell for the XFV- 
12A, a concept that fitted the Navy's thinking exactly. 
(Anything more remote from what the Marines 
wanted would be hard to find.) It was expected that 
the first XFV-12A would demonstrate vertical lift in 
August 1974 and fly in the CTOL mode the following 
month. As I write, in 1981, we are still waiting for 
either ewent; the whole thing has become an 
embarrassment. Congress has so far not been roused 
in the way it would have been had a ‘foreign airplane" 
been chosen in 1972, despite the fact that many times 
the planned sum has been spent and the US Navy has 
little to show beyond a lot of V/STOL know-how that 
mostly could have been obtained from Kingston. 

Undaunted, MCAir and Hawker continued their 
studies, and predictably kept finding ways to make 
the Advanced Harrier better. By 1973 called AV-8 + 
or AV-8-Plus, it grew a wider fuselage because the 
engine had grown not by 2% inches but by 2%, partly 
to enable 25,0001b to be achieved at reduced gas 
temperatures for longer life. Royal Navy Maritime 
Harrier studies fed in the raised cockpit, for all-round 
view and to allow an avionics-packed nose. The 
enlarged inlets were reprofiled, and fitted with a 
double row of suck-in auxiliary doors around each 
duct instead of a single row. Both airframe companies 
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designed advanced supercritical wings, models of 
which were tested in the 11-foot tunnel at NASA 
Ames. A one-fifth-scale front fuselage and inlets was 
tested in the hovering mode in the PTF (Propulsion 
Test Facility) at Naval Air Station Trenton, NJ. It 
boiled up to a climax on 13 December 1973 when the 
Project Definition for what had been rechristened the 
AV-16A was submitted to the two governments. 
While this proposal was evaluated, the British 
partner companies continued in 1974 with the AV-16 
S series, S standing for supersonic, The S-1 had PCB 
for V/STOL, the S-2 a new wing, and by the S-6 there 
was not much Harrier left but the maker's name. The 
thin wing had short span, compared with the 
supercritical AV-16A. The body was slimmer and 
longer. The tail was completely new. The engine was 
а 15РСВ with further changes, including a new nozzle 
geometry as described in the final chapter. For this 
reason the main gears went back to the P.1154RN 
solution in being mounted on the wings, folding into 
downstream fairings. Speed at altitude was Mach 
1.95; but the customers stayed away. The US Navy 
had picked Rockwell, the Marines wanted the simple 
subsonic machine, the RAF was uncertain, and the 
RN thought itself daring even in considering the basic 
Maritime Harrier. By 1975 the work was in a low key. 
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The partners were in disarray, and Britain's Labour 
government capitalised on the fact. 

The 1975 Defence White Paper, presented on 19 
March by Roy Mason, was mainly a string of cuts. 
Almost unnoticed by the media was the statement 
that ‘there is not enough common ground on the 
Advanced Harrier for us to join in the programme 
with the US’. As always in Britain's secret 
environment we shall not be told for a long time how 
far this was the view of those who wanted to have an 
Advanced Harrier and how far it was just an excuse 
by politicians looking for easy cuts. What perhaps was 
beyond Mr Mason's range of vision was that this was 
to lose many years in a field in which time is not on the 
side of the West, and particularly not on the side of 
Britain, and that in the long term it could even yet 
bring about the collapse of the one field of British 
military aircraft design in which the nation still holds a 
lead. 

The announcement dismayed the world's No 1 jet 
V/STOL team. Though morale was boosted by the 
go-ahead on the Sea Harrier two months later, that 
merely broadened the base of the program 
Nothing was said about further progress of the basic 
concept to meet the growing needs of what should 
before long encompass almost all the world's air 


Left: Three-view of the two YAV-8B aircralt./MCAir 


Above: The first A V-8B" to be rolled out was this mock-up, based on 
a crashed A V-8A, photographed at St Louis on 7 August 1975 
IMCAir 


Right: One of the more unusual tests on new aircralt types is to see 
how the airframe behaves when struck by simulated lightning, This 
AV-8B model was taking pulses of up to 200,000 amperes in 1980, 
IMCAir 


Below: Next came this outdoor test, followed by testing in the 40 by 
80 foot tunnel at NASA Ames Research Center. The front nozzles 
have yet to change. /MCAir 


ly new wing of the A V-8D is still the largest 
re flying, weighing 1,3741b with its 
t YAV-8B is seen here in March 1978 


Below right: The comple 
carbon-fibre primary str 
movable surfaces. The f 
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forces (when they wake up) later in this century. 
What happened in Britain is the subject of the next 
chapter. Tragically, from 19 March 1975 what 
happened in Britain has been only distantly related to 
what has happened in the USA. As far as hardware is 
concerned the United States has virtually taken over 
the programme, while the original team has done its 
best to salvage what it can. 

Though not entirely surprised, the Americans were 
also disheartened by Mr Mason's decision. Working 
together the two nations could accomplish things not 
even the United States could afford alone, and in 
particular the unique experience of Patchway on the 
engine and Kingston on the airframe removed the 
element of risk that would be bound to attend 
unilateral American efforts. But Americans seldom 
let grass grow under their feet, and even before Mr 
Mason's announcement discussions had been held to 
sort out the possibilities following а British 
withdrawal, Pratt & Whitney did not wish unilaterally 
to take on major development of the Pegasus, and 
what killed the AV-16A was the costing to US 
qualification of the Pegasus 15 at $600 million, or 
$200,000 per extra pound of thrust! Subsequent US 
work was predicated on whatever engine Rolls- 
Royce could offer. In effect it boiled down to using 
the existing engine, though, as noted later, small 
improvements are available and there is a possibility 
of an engine with fractionally higher performance, 
But from early in the P.1127 story the nozzles were 
regarded as airframe, and even in these seemingly 
simple parts MCAir was able to effect a major 
improvement. 

Before anything could be planned MCAir had to 
know the requirement and possible numbers for 
customers, and in the Fiscal Year 1975, which ended 
on 30 June 1975, the US Navy gave its agreement in 
principle to a programme for a proposed new AV-8B 
version (the original two-seater becoming the TAV- 
8A) numbering 342 aircraft, all for the Marine Corps, 
but with the verbally expressed possibility of a follow- 
on batch of roughly the same size for the Navy itself. 
‘The AV-8B was to be the best aircraft possible using 
the existing Pegasus 11, incorporating any of the 
advances studied in the AV-16A project. MCAir had 
a licence to develop the Harrier as well as build it, and 
was not even obliged to continue to work with 
Kingston. But it was sensible to continue 
collaboration, and the UK team, called British 
Acrospace from 1977, remained responsible for 
approximately one-third of the airframe (the portion 
behind the engine) and is a candidate to bid for 
production. But MCAir took over basic 
responsibility for the new AV-8B as prime contractor 
to Navair. 

Navair also funded a 1975 study on the engine 
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Right: From the side the AV-8B does not look very different from 
other Harriers. This is the No 1 YAV-8B./MCAir 


Centre left: 9 November 1978, and the first YAV-8B is seen hovering 
at St Louis International Airport in the hands of company pilot C. А 
Plummer /MCAir 


Centre right: Differences are more marked when the span of the wing 
can be seen; here No I Y AV makes a neat vertical recovery during its 
first shipboard trials aboard LHA-2 Saipan in October 1979./MCAir 


Bottom right: An April 1979 photograph at the US Naval Air Test 
Center, Patuxent River, showing both YAV-8Bsas well as two As, а 
TAV and a Learjet./MCAir 


carried out jointly by Rolls and PWA. There were 
four alternatives: the Pegasus 104, which compared 
with the AV-8A engine features aluminium casings, 
strengthened gearbox and drive, and various life- 
improvement changes; the Mk 104 with small changes 
to improve maintainability and give a TBO (time 
between overhauls) of 1,000 hours; the Pegasus 11D 
with small aerodynamic changes giving 800lb more 
thrust; and an 11D with the 1,000-hour life. Not 
submitted was the Pegasus 11+ with slightly raised 
TET (turbine entry temperature) giving thrust raised 
from 21,500 to 22,500Ib. The final chapter outlines 
the engine situation today, which has by no means 
stood still at Bristol; but the US choice in carly 1976 
was the second one above, with improved 
maintainability only and intense concentration on 
reducing total life-cycle costs. 

Virtually all the changes in the AV-8B took place 
on the airframe, including the nozzles. Together they 
add up to a complete transformation of the aircraft, 
and one can feel nothing but admiration for the St 
Louis engineers who accomplished this in 1975. They 
had the advantage of outstanding facilities, including 
those of the Navy and NASA, and in particular of a 
completely developed national technology in the 
application of carbon-fibre composites to primary 
airframe structure. This was the most glaring example 
of how much faster carbon and graphite composites 
have been developed for primary structure in the 
USA than in Britain, despite the fact that modern 
carbon/graphite fibres pyrolized from PAN precursor 
material had been originally developed in 1964-66 at 
Farnborough, England. Though Britain had carried 
out many rescarch projects and acquired experience 
of carbon and graphite composites in such structures 
as airline passenger floors and access panels, the 
important stage of clearing advanced composites for 
primary structure has taken years longer than it 
should. Even in 1981 Britain has yet to create a 
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structure similar to the AV-8B wing or tailplane 
which were designed in 1975. 

Aerodynamically .the wing is based on the final 
standard of AV-I6A subsonic wing, though with 
refinements. Totally unlike that of the Harrier, it has 
a deep supercritical section, with thickness of 11.5% 
at the root and 7.5% at the tip. Instead of being 
clearly a swept wing it is more accurately one tapered 
on the leading edge; compared with the Harrier the 
span and area are increased by 20% and 14% 
respectively. The main wing box is entirely of 
graphite/epoxy composite, and the degree of 
redundancy is shown by the fact that it has eight spars, 
each with a sine-wave web, It forms an integral tank 
which, together with a small additional volume 
resulting from the reprofiled engine inlets, adds a 
remarkable 50% to the internal fuel capacity, 

For ease of repair, mechanical fastenings are used 
in preference to bonding. The skins are one-piece, 
and the upper skin is removable for inspection. Three 
stores stations are provided under each wing, 
supported by ribs of forged titanium, and the leading 
edge is light alloy, The trailing edge is totally new. 
The outrigger gears are moved inboard to reduce 
track from 22 to 17 feet, improving deck and road 
manoeuvring, and the leg fairings are replaced by 
doors, Outboard are large graphite/epoxy ailerons 
terminating well inboard from the tips and arranged 
to droop in the STO mode. Inboard of the outriggers 
are the flaps, and these are perhi the most 
important new feature. In the Harrier the circulation 
round the wing is adversely affected by the powerful 
pumping effect of the engine nozzles, especially the 
front pair, which induces a mild reverse circulation in 
the STO mode which reduces net lift. MCAir and 
NASA sought to re-arrange the wing, flaps and 
nozzles to achieve the optimum positive circulation. 

This was eventually accomplished by extending the 
front nozzles to a zero-scarf (end cut off at 90°) form 
essentially like rectangular-section pipes, and adding 
extremely broad flaps hinged to long brackets well 
below the wing. As the nozzles rotate in the STO 
mode the flaps depress to just over 61°, while large 
flap slot doors preserve the upper surface profile. The 
rear nozzles induce a powerful circulation over the 
flaps in much the same way as traditional blown flaps 
or the USB (upper-surface blowing) of the YC-14 
transport. Tests with a 1/15 model and then the full- 
scale aircraft, in the giant 40 by 80 foot NASA Ames 
tunnel confirmed an increase in STO lift of more than 
6,7001b. 

Again totally new, the tailplane (horizontal 
stabilizer) is a masterpiece of simple design by 
MCAir. It comprises an aluminium leading edge, 
graphite/cpoxy (GE) lower skin with integral GE 
woven-cloth spars, GE upper skin, composite trailing 
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edge detachable in the field, and an aluminium-alloy 
centre piece in the fuselage riding on the pivots and 
driven by the surface power unit. Larger than the 
Harrier tailplane and of cropped delta shape, the 
structure eliminates previous problems of ground 
damage and honeycomb delamination, 

The third large area of black carbon is the forward 
fuselage. Taking a leaf from the Sea Harrier book, 
the cockpit has been raised about 10.5 inches, the 
canopy raised and redesigned (but unrelated to that 
of the Sea Harrier) and the structure assembled from 
integrally stiffened left and right sandwich skins with 
a bolted floor and bulkheads. In the initial radarless 
AV-8B the nosecone is detachable for access to 
avionics. 

To balance the new nose the rear fuselage is 
extended 18 inches and the fin increased in height. 
Originally the Sea Harrier fin was adopted, but a 
production 8B would have a redesigned fin with 
similar area, reduced height and weight and fewer 
parts. British Aerospace Kingston/Brough Division 
retains responsibility for the vertical tail and rear 
fuselage, the latter being stiffened by new side panels, 

Weight-saving has been as remarkable as the 
increments in added lift, as shown in an 
accompanying diagram. Some 50 Ib might later be 
saved by making the new engine nozzles of titanium, 
and their lift in VTO/STO is increased by boxing in 
the region into which they discharge by the deep 
inboard pylons, Another lift increment results from 
the new inlet system, which, though smaller than that 
of the AV-16A, has a cross-section matched to the 
modest predicted increases in thrust, throat area 
being increased from 9,2 to 9.7 sq ft, for example. The 
lip is no longer a circular arc but a 2:1 ellipse, and the 
auxiliary suck-in inlet doors have been increased in 
area in AV-16A style to a double row of 8.4 sq ft, an 
increase of 13376. At the same time the basic inlet is 
matched to high-altitude cruise airflow and reduces 
drag by climinating spillage. 

From the start of P.1127 work the interaction 
between the jets and the aircraft had been recognised 
to be complex and central to the entire performance 
in the VTO mode, particularly when on or near the 
ground. Part of the interaction may be advantageous, 
the jets feeding a high-pressure cushion under the 
aircraft. More often the results are adverse. The jets 
supply a cushion all right, but the air and hot gas 
escapes by flowing at high speed round the lower 
fuselage, the high speed meaning low pressure. The 
fuselage is literally sucked down against the ground, 
in effect greatly increasing the weight. Moreover, 
ingestion of the hot gas by the engine causes sharp 
rises in inlet temperature and flow distortion, 
resulting in severe and often rapidly varying 
reduction in engine thrust and surge margins. 
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By the early 1970s both Hawker and MCAir were 
paying more attention to ways of increasing the net 
lift force as an obvious route to greater loads of 
weapons or fuel. The St Louis team quickly realized 
that the concept of strakes in lieu of gun pods could be 
taken much further, and by early 1976 were testing 
various LIDs (lift-improvement devices) which 
sought to box in the region of the belly where the 
fountains (the jets rising after reflection from the 
ground) strike the aircraft. The final arrangement was 
a pair of strakes added along the underside of the 
pods and a hinged ‘dam’ retracted and lowered 
hydraulically in sequence with the landing gear to 
close the space between the pods at the upstream end. 
The dam assists in trapping the high-velocity 
fountains and also reduces reingestion, typically 
resulting in inlet temperatures 20°C lower. The first 
complete LID/dam set was tested on an АУ-ВА and 
showed the remarkable gain of 1,220 Ib in VTO lift 
when tested full-scale at NASA Ames. When tested 
on a YAV-8B it was found that these improvements 
also eliminate cobblestone buffet on the underside of 
the aircraft and give so much extra lift that in a vertical 
landing the aircraft sinks to a height of about 20 feet 
and then refuses to descend further until the throttle 
is slightly closed. 


Top: The No 2 YAV-8B, scen here with AIM-9L Sidewinders and 
seven Snakeyes, was lost on its 106th flight on 15 November 1979. It 
had an engine problem, and the engine flamed out and refused to 
relight whilst the aircraft was being ferried to St Louis. An RAF 
evaluation team accordingly had to wait./MCAir 


Above left: This is the part of the AV-8B built by British Aerospace 
and a very advanced and refined rear fuselage i is, This was the first 
to be delivered to production standard, for static testing at St Louis in 
spring 1981, Numerically controlled machining reduces the number 
ol partsand the potential leak paths in integral tankage, and the ratio 
ol strength to weight is significantly higher than for earlier Harriers. 
(BAe 


Above: Not only does the AV-8B have 1% times the internal fuel 
apacity of previous Harriers but it can ferry with four 300 US gallon 
drop tanks, giving a range of around 2,900 miles: February 1981 
picture /BAe 


With a virtual desert in engine funding the AV-8B 
powerplant was accepted as the F402-RR-406, almost 
identical to the Sea Harriers Mk 104 but with 
additional detail changes to enhance life and mect 
severe requirements for maintainability. It drives a 20 
KVA IDG (integrated-drive generator) supplying an 
electrical system with many new features including 
nickel/cadmium batteries. Other systems incorporate 
on-board oxygen generation, Dunlop carbon brakes 
and Sea Harrier type cast aluminium wheels, Sea 
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Harrier environmental control and a removable/ 
retractable inflight-refuelling probe. 

Avionics are largely new. The nose is occupied by 
the Hughes ARBS (angle-rate bombing set) in which 
a dual-mode laser/TV tracker feeds target angle and 
angle rate to the weapon-delivery computer and 
HUD. Originally designed for the A-4M, the ARBS 
gives accurate day/night delivery of “iron bombs” as 
well as laser-guided munitions or the TV-steered 
Maverick. Not unnaturally many of the new avionics 
and cockpit interfaces are borrowed from the F/A-18, 
for which the AV-8B has had to fight for funds. 
Examples include the Hotas (hands on throttle and 
stick) controls for virtually all electronic and 
ordnance functions, AYK-14 mission computer, 
ASN-130 inertial navigation system and ASPJ 
(advanced self-protection jammer) carried on the 
centreline pylon and ECM-resistant fibre-optic looms 
for digital data. Tail RWR and rear-fuselage chaff/ 
flare dispenser are similar to the AV-8C. Anyone 
used to the F/A-18 digital cockpit would be 
immediately at home in an AV-8B, and Smiths supply 
a related HUD. 

Of course, the AV-8B was planned to fit into the 
Marines' overall effort without additional demands; 
indeed it was calculated by MCAir that maintenance 
burden could be reduced. Maintenance man-hours 
per flight hour were planned to be 16.9, compared 
with an achieved (1972-75 average) for the AV-8A of 
21.7. Mean flight time between failures was planned 
to rise from 1.5 to 2.4 hours, while operational 
readiness was calculated to reach 75% compared with 
50 (RAF squadrons average 75-80%). All this while 
carrying 50% more internal fuel and an ordnance 
load which on most mission profiles is more than 
double that of the AV-8A. The centreline point is 
rated at 1,000 Ib, flanked by the gun pods; inboard 
pylons are each 2,000 Ib, intermediates 1,000 Ib and 
the new outboards 630 Ib though usually occupied 
only by single AIM-9L Sidewinders, Total useful load 
for a rolling takeoff is 17,000 Ib, of which 9,200 Ib can 
be weapons and suspension hardware. From a 1,000 
foot runway on a tropical day the 8B can lift 16 Mk 82 
bombs weighing 9,120 Ib and fly a low-level mission 
radius of 185 nautical miles (213 miles). It can even 
take a 7,000 Ib load from a vertical takeotf, while as a 
contrast ferry range with four 300 US gal (250 gal) 
drop tanks exc ,850 miles. 

Most of these figures were known with some 
ussurance as early as 1975 as the result of tunnel- 
testing at NASA Ames of a full-scale AV-8B based 
on à crashed AV-8A, with a quickly modified wood/ 
metal wing. It is fair to comment that when MCAir 
became involved with the Harrier the company had 
no idea so much could be done to increase its flight 
performance, to the point where the operational 
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Right: The character of the B model is emphasised in this unusual 
view with the large flaps down in the jet-lift mode; anhedral cancels 
out the sweepback./MCAir 

Centre right: Alter the 1978 Farmborough airshow the Marine Corps 
bought the 12° Fairey MGB ski jump and set it up at NATC Pax 
River. Here it is used by a ҮАУ, with Mk 84 bombs./MCAir 


Bottom right: In January 1981 this was the best guess at how the 
production AV-8B might look. Features include raised cockpit, 
Lerx, radar and new 25 mm gun pods./Author 


value of each aircraft in Marine missions is multiplied 
approximately threefold, In March 1976 the DSARC 
(Defense Systems Acquisition Review Council) 
authorized a limited flight-test programme using two 
YAV-8B aircraft rebuilt from AV-8As (158394-5) 
with most of the more significant changes such as the 
new wing, LIDs and inlets, but retaining the old 
cockpit and systems. The first was ready 53 days 
ahead of schedule, and 188 Ib under the calculated 
empty weight of 12,400 Ib, so that it was only about 30 
Ib heavier than an AV-8A! Flying began at St Louis 
on 9 November 1978. Results generally confirmed 
prediction, and unexpectedly took in ski launches 
after the Marines bought an MGB ramp from Fairey 
and began trials in 1979 at 12°. The only significant 
trouble was drag caused by separation at the 
underside of the wing root, rectified by various 
changes. А 

By late 1979 the production wing had been finalised 
and tested, the new cockpit built and approved, and a 
limited move made towards FSD (full-scale 
development) with a $35 million award for long-lead 
items for four AV-8B production-type aircraft, the 
first to fly in October 1981 and each assigned to a 
major test programme. Sadly, in the face of any kind 
of common sense, the Carter administration from the 
outset regarded the entire programme as tainted by 
its foreign origin, and approached it in a negative 
manner. It has had to fight every inch of the way, 
largely because in a tight fiscal environment the 
gigantic escalation in costs of other Navy votes, such 
as the F/A-18 and all major ship programmes, has 
kept the AV-8B in the role of an expendable outsider. 
One posture, never before adopted for a major US 
weapon system, has been to make a go-ahead depend 
on forcign export sales. Both Dr Perry and Carter's 
SecDef himself, Harold Brown, made it clear they 
wanted to pour all the money into the F/A-18, as 
being a “more efficient” solution. When asked why 
just the AV-8B programme should be axed if no 
export customers emerged, Perry replied that it was 
“an inefficient project that consumes funds needed 
for overall force modernization”. This black-is-white 
nonsense was not new to the Marines, but the three 
ycars of delaying tactics had by July 1980 added $920 
million to the programme cost for the planned 336 
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inventory aircraft, and this is serious. Forcing the 
Marines to be an all-F/A-18 force by simply killing the 
AV-8B hardly seems the best way to provide tactical 
airpower; it makes such power depend on either giant 
carriers or major runways. 

From the start the planned programme has been 
for 342 aircraft, comprising the two YAV rebuilds, 
four AV-8B development vehicles and 336 for the 
inventory. Long-lead production funds had to be in 
the 1981 Defense Budget for the first 12 aircraft in 
order for squadron service to become effective in 
1985, Obviously one objective of the political delay 
tactics has been to sell the 8B to the RAF, thus 
turning the Harrier into a St Louis programme with 
Kingston a mere 10% subcontractor. At once this 
would result in “a new situation” (Harold Brown’s 
words) and smiles in Washington. A full go-ahead 
would follow about five minutes later 

Coupled with such a go-ahead would be even larger 
programmes for the next-generation aircraft at 
present called AV-8E (previously AV-8B+ or AV- 
8B Plus), potential customers for which, in differing 
versions, include the US Navy and Air Force. For this 
there would be a whiff of extra thrust, the F402-RR 
405, called Pegasus 11F-35 in Britain, having a rating 
of 23,500 Ib, This is achieved mainly by reblading the 
fan to give some 4.5% more airflow, Other 
improvements such as an extended-life HP turbine 
blade are already becoming standard, and Rolls- 
Royce Bristol demonstrated the “dump-diffuser” 
water system and a new shrouded (instead of wire- 
laced) LP turbine blade as long ago as 1976. The 
Marines have throughout gone for longer life rather 
than more power, but now they can have both, and a 
Dowty & Smiths digital control system. 

Most Plus versions will have radar, normally the 
F/A-18's APG-65, an even further-updated set of 
ECM and EW subsystems, and a much wider choice 
of weapons to meet the needs of additional operators. 
A choice will be made between two new oxygen- 
generating systems, and the Aden gun may be 
exchanged for the General Electric GAU-12/U of 25 
mm calibre. As explained in the next chapter we are 
almost certain to see RAF and many other versions of 
this aircraft. 

As this book went to press in July 1981 the British 
Secretary of State for Defence at last announced 
selection of the AV-8B for the RAF. He said: 
"Subject to the conclusion of satisfactory 
arrangements for collaboration... we envisage 
acquiring 60 AV-8Bs’. Reading between the lines a 
contract, and even a Memorandum of 
Understanding, was then still a long way off. The one 
positive note in the statement was a firm assumption 
ot the long-awaited production order for the US 
Marine Corps. 
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Future 
Prospects 


If the last chapter suggested that the obvious thing for 
the world to do is buy the AV-8B, or E, now is the 
time to offer some contrary suggestions. For better or 
Worse, there are so many contrary suggestions that 
decisions have been hard to take; and each decision 
damages or eliminates highly desirable alternatives. 

A good place to begin this overview is February 
1965 when the Harrier was permitted to be studied 
after cancellation of the 1154, The outlook of the 
British Air Staff tends to oscillate between violent 
polarization on particular topics, and in the 1960s the 
topic was low-level attack with conventional 
weapons. Aerial combat was hardly considered, so it 
was natural to design the Harrier with an extremely 
small wing. This is ideal for 590 knots at 200 feet and 
also minimizes structure weight; but it resulted in 
poor manocuvrability even at medium altitudes, and 
the odd characteristic of being able to get to 50,000 
feet in less than four minutes but with no power of 
manoeuvre worth mentioning. (Wing loading is 
actually only 65% as high as that of the F-104S, but at 
a pinch the latter can fly much faster for a few 
minutes, and thus pull more g, before running out of 
fuel.) 

When the first Harrier replacement studies took 
place around 1970 the low attaek mission still 
predominated, and the result was Air Staff Target 403 
for a modern tactical aircraft to replace both Harrier 
and Jaguar. AST.403 has been dropped in favour of a 
search for a common European combat aircraft, plus 
a purely RAF requirement for a V/STOL to replace 
the Harrier. The latter, one of the few cases where 
Hritain is the only one in step, resulted in ASR. (Air 
Staff Requirement, not a mere target) 409, and 
though many schemes were explored it was always 
pretty evident the answer had to be a Harrier 
derivative rather than a new design. And it seems 
blindingly obvious to me that the place to put the 
aircraft are dispersed sites where the terrain provides 
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a natural ski-jump. If necessary this could be graded 
by a dozer and covered with wire mesh. There are 
many hundred of such sites in Germany or England. 

By 1974, before ASR.409 was issued, the RAF had 
become much more interested in air combat, partly 
because of the anticipated Warsaw Pact deployment 
of a new fighter generation by the mid-1980s and 
partly because of the Marines’ exploration of viffing 
and consequent emergence of the Harrier as a 
hitherto unsuspected potential air-combat fighter. 
Kingston schemed a simple modification for the 
existing GR.3 force involving viffing nozzles and 
wiring for Sidewinders on the outboard pylons, as 
well as a more extensive retrofit of overwing pylons, 
closely resembling those of the Jaguar International, 
to carry Sidewinders, Magics or 150-gal tanks and 
thus leaving the underwing pylons available for 
offensive stores, The overwing pylons got as far as 
being aerodynamically test-flown in balsa-wood in 
1975 but, though the retrofit bill for the whole force 
would not have exceeded £0.6 million, nothing more 
was done, and even today RAF Harriers have 
virtually no air-to-air capability 

Looking ahead to the post-1984 era the RAF saw 
the need for tactical aircraft able to carry a heavy 
bomb load yet penetrate defences equipped with 
agile modern fighters. ASR.409 therefore specified 
rates of turn at least as good as those of the most 
manoeuvrable existing fighters. Details are classified, 
but it has been said that MCAir offered a turn rate of 
19°/s with a developed AV-8B and learned that this 
fell short of the requirement. At this time the 
American aircraft was also in severe maximum-speed 
trouble, and when these shortcomings were added to 
the emotional need to keep the Harrier a British 
programme, find a solution that could be retro-fitted 
to existing Harrier GR.3s and give the best overall 
results for Britain, coming in as a 10% partner on the 
AV-8B scemed a poor answer — at least to British 
Aerospace. Kingston derided the AV-8B as “a bomb 
= Which it is, and a good one, Moreover, the 
8B was never intended as a retrofit, and has a stronger 
rear fuselage and new tailplane. These minimise 
cruise drag and improve manoeuvrability by enabling 
the viffing envelope to be opened out to 460 knots 
indicated with the nozzles at full power in the 98,5 
braking position; and, as noted earlier, the new 
tailplane is simpler and tougher than the original. But 


Above right: Final form of the "Mk 5° Big Wing Harrier, which 
according to the RAE would indeed have met all the numbers 
stipulated in ASR ,409, Note the raised cockpit and separate rear- 
fuselage airbrake./BAe 


Right: Close-up of the left PCB nozzle on the old Pegusus 2 at 
Shoeburyness in 1980. Itis canted downward, so the nozzles toc-in in 
VTO. {Rolls-Royce 
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virtual inability of the AV-8B wing to be fitted to 
existing Harriers, except with rebuilding of the whole 
aircraft downstream, was a real problem. 
Throughout, at the political level, British Aerospace 
(as it became in 1977) naturally saw warning lights 
flashing at the idea of replacing the Harrier by the 
AV-8B. As was said at the 1980 Farnborough air- 
show, “Exporting the Harrier wasn't expected to go 
this far”. 

Nobody seems to have realized beforehand that the 
West's pioneer V/STOL, possibly the most important 
single type of combat aireraft, had become split down 
the middle, Those who created it had been prevented 
from building a new-generation Harrier to equal the 
improved version of the foreign partner; and so 
inevitably the happy relationship began to go sour. In 
Kingston's view the first thing to do was design a 
modern multi-role Harrier which could be created by 
modifying the GR.3; then this had to be adopted by 
the RAF instead of the 8B. To do this it was nec 
to point out all the shortcomings in the Ami 
aircraft, as well as churn out piles of paper showing 
how much better off the UK would be in selling X 
all-British Advanced Harriers instead of a 45% share 
of Y AV-8Bs. This share comprises one-third of the 
airframe (10%), three-quarters of the engine (25%) 
and 10% by the UK equipment suppliers. Such things 
happen all the time in a free society, but they tend to 
strain friendships and waste time which, in an 
inflationary world, puts up the price alarmingly. 

It was not difficult to show the MoD that a British 
“Big Wing” could be designed which would meet 
ASR.409 requirements, outperform some aspects of 
the AV-8B, and retrofit on existing Harri 
MoD study contract was signed in 1978, as a result of 
which what has simply become known as the Big 
Wing was designed and tunnel-tested in model form; 
and two further add-ons, called Lerx (pronounced 
lurks) and Cads, were test-flown. 

Lerx stands for leading-edge root extensions, and 
comprises curved-edge plates added ahead of the 
wing-roots with a function identical to the much 
longer LEX (pronounced as three letters) of the F-18 
and the forebody strakes of the F-16. They not only 
add area but create strong rolling vortices at extreme 
angles of attack and thus delay separation and force 
the wing to continue to lift. When flown on XV277 
later in 1978 they confirmed model tests in increasing 
maximum lift coefficient by 20% and enabling 0.5 to 
1.0 g additional acceleration to be pulled for any 
given engine thrust. Naturally they degraded the 
already marginal longitudinal stability and could not 
be retrofitted by themselves, but were retained as a 
feature of the Big Wing. Cads (cushion-augmentation 
devices) are virtually the same as the LIDs of the 
AV-8B though the strakes have a leading edge at 90* 
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to the airflow and the retractable dam is of different 
design. Cads were flown on XV277 at the same time 
as the Lerx, and performed as predicted. 

Kingston designed the Big Wing from scratch. It 
has no ki with the Harrier wing beyond sharing 
the same sweep angle on the trailing edge, and is also 
unrelated to the AV-8B wing, details of whose 
aerodynamics were classified by the US government 
despite the 1969 agreement between MCAir and 
Hawker for free exchange of information and the fact 
that the supercritical section was developed by 
NASA, a civilian agency. In any case a Kingston 
argument in favour of their wing is that it is based on 
newer technology; in a competitive situation such 
things tend to be overstated, but Kingston dates the 
A V-BB wing at 1974 and its own Big Wing at 1979. 

Compared with the American wing the Big Wing 
has greater span, greater area, smaller flaps and a 
less-extreme supercritical section, thickness/chord 
ratio being no less than 12.5% on the centreline and 
9.2 at the tip, compared with 11.5/7.5. This enables 
structure weight to be reduced, but unlike the 
graphite composite American wing the British 
structure is light alloy which makes it heavier, though 
fipures have not been published. Obviously it 
provides even more internal volume than the 
American wing, though internal fuel capacity is 
increased by only 245 gal compared with 316 for the 
AV-8B. Like the American wing the outrigger gears 
are moved inboard of the ailerons to a track of 18 ft, 1 
ft more than that of the A V-8B but 4 ft less than for 
today's Harrier. Roll RCV jets remain at the tips. 
Stores pylons remain a movable feast, but studies 


Top right: This is what a PCB burner looks like. It is standing on its 
circular face mating with the vectoring nozzle; fuel pipes look silver, 
[Rolls-Royce 


Top, far right: For the 1990 cra three-poster PCB V/STOL looks a 
dead certainty. This is one of the possible configurations, which could 
fly the missions of a Tornado or F-14 without needing a pretargeted 
airbase — and with unprecedented air-combat manoeuvrability. 
JRolls-Royce 


Centre right: This model shows the extended fuselage, new wing and 
PCB front nozzles of the AV-BSX proposed jointly by McDonnell 
Douglas and Rolls-Royce. /MCAir 


Right: This is how the ‘three-poster’ engine for future supersonic 
V/STOLs would be arranged. The front PCB nozzles are canted 
down (in this drawing they would not toe-in in VTO but be vertical) 
and the rear jetpipe is vectored by 180° rotation of the tapered 
section. /Rolls-Royce 
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Above: These are the Harrier orders so far (January 1981). The last 
order (7) for RAF trainers includes four for the RN. PV means 
Private Venture, ie company funded. Total flight time so far: 275,000 
hours. 


Right: A 1978 close-up showing the LERX (leading-edge root 
extensions) flown on a standard Harrier and demonstrated to offer 
aerodynamic advantages./BAe 


Below: Artist's impression of a PCB-engined supersonic attack 
fighter bas configuration studies of the late 1960s. This latter- 
day blend of P. 1154 and Harrier would have had a span of 30 feet and 
length of 50 feet./BAe 
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showed that overall drag is reduced Бу fitting eight 
separate pylons cach carrying one bomb, instead of 
four pylons with multiple carriers. In early 1981 the 
most likely arrangement comprised eight hardpoints 
cach rated at 1,000 Ib with tip rails for Sidewinders or 
a later short-range AAM should one be developed. 
All pylons are deep, though the inners have not been 
made extra-deep to box in the lift-jet cushion. 

Fitting this wing to existing Harriers or Sca 
Harriers would have been fairly straightforward, 
requiring only a fuselage hardpoint to carry the 
leading attachment of the Lerx and additional 
plumbing for the extra pylons, as well as modified 
root fairings and engine access doors. By mid-1979 
the Air Staff had received detailed and priced BAe 
Is for refitting the RAF Harriers, both with 
and without the two-seater, At the same time this 
proposal, which would have resulted in a Harrier 
GR.5 and possibly a T.6, was backed up by a 
brochure for a largely new aircraft known as the 
Super Harrier. 

This would mate the new wing to a Sea Harrier 
forward fuselage, with or without Blue Fox radar but 
with a better nose profile than the GR.3, as well as the 
11F-35 engine and enlarged and reprofiled inlets 
similar to those of the AV-8B, with double auxiliary 
doors. Ferranti digital INAS (inertial nav/attack 
system) would be fitted, and would be an easy retrofit 
on the GR.5. Thanks to a much-enhanced avionic kit 
the Super could be a much more versatile aircraft 
than the GR.S, though as the whole aircraft would be 
new it would cost at least twice as much. 

While detailed investigation of the GR.5 and Super 
continue, the notion of re-winging the existing 
Harriers was dealt a severe blow by the statement in 
the 1980 Defence Estimates debate that "The Big 
Wing is unlikely to be any part of an improvement 
programme of the GR.3" — which was taken to mean 
that there might be a GR.3 update but that it would 
not include the new wing. In fact frantic efforts were 
made at political level to resolve the impasse, and 
according to the Press the UK Defence Minister told 
Harold Brown in July 1980 that no decision would be 
taken before spring 1981. Such delay was, in the 
nonsensical UK/US situation, inevitable. Though 
elimination of retrofitting the existing RAF force 
took away the main plank on which the anti-AV-8B 
campaign was founded, it is still beyond question that 
today one can do better, especially in the RAF 
context, than just adopt the US aircraft. Clearly the 
rewinged Harrier is out, but updating the Harrier in 
both land and Sea forms will still be very much alive as 
this book goes on sale in mid-1981. Always the 
general consensus in Britain has been that the 
Department of Defense would never be so foolish as 
actually to kill off the AV-8B or its paper successors. 


The new US administration from 20 January 1981 
may have cleared the air and allowed the disgraceful 
time-wasting — which is reckoned to have added $1.3 
billion to the AV-8B programme and £450 million to 
a UK buy of 60 Super Harriers - to come to an 
overdue end. Deciding what to do would also open 
the way to further new-build contracts by such 
nations as China for the Harrier, and Australia, 
France and Spain for the Sea Harrier. As I write, in 
January 1981, the deadlock at last seems to have been 
broken by the formal recommendation by British 
Aerospace that the RAF buys the AV-8B - though 
with the offer of a nationally developed Big Wing 
Harrier if necessary. In the United States thc 
outgoing Carter administration signed into law the 
FYSI (Fiscal Year 1981) defence bill including not 
only $243 million for RDT&E (research, 
development, test and engineering) of the AV-8B but 
also $90 million for long-lead procurement of 
material for pilot production. But FY82 was devoid of 
production funds and contained only $231 million for 
yet further RDT&E. The participation of the British 
will surely slam full production funding into the FY82 
vote and allow this much-delayed programme to 
make up a little of the lost years. We are still left 
searching for a rewinged Sea Harrier. 

But this is still only part of the adolescent process of 
the West's V/STOL. A fairly obvious next move is to 
go back to PCB and supersonics, so shortsightedly 
discontinued in 1965. After all, though a first-rate 
bomb truck, the AV-8B is slow, with an official 
maximum speed of Mach 0.71 or 529 mph at 5,000 
feet (MCAir insist it can, with the wing-body junction 
reprofiled, reach 570 knots or 656 mph, but this is still 
almost 100 mph slower than a Harrier). Though air 
forces think it important, Mach 2 is of little value. It is 
seldom reached by any real squadron aircraft, and 
was never even approached in the 3 million combat 
hours by US aircraft in Vietnam. But something in 
excess of Mach 1 could be advantageous. So BAc, 
MCAir and Rolls-Royce have not been idle in 
studying future supersonic Harriers. 

These would not use deep long-span wings like the 
Super or AV-8B, nor would they merely be warmed- 
over AV-16As. For one thing the basic four-poster 
engine would be replaced by a tripod, giving less drag 
and offering other improvements. As far back as 1971 
RR Bristol was studying tripod Pegasus engines, one 
of which was selected for most of the supersonic 
AV-168 studies for around Mach 1.6. Beyond doubt, 
PCB is a must for supersonic V/STOLs, giving about 
50% boost at takeoff, around 100% boost at Mach 1 
and at least 150% at Mach 1.6 above 20,000 feet. And 
Mach numbers of the latter order are, for either 
prestige or for genuine operational reasons, 
demanded by the US Navy and Air Force in a whole 
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spectrum of planned V/STOL missions for 1990 and 
beyond. There is no doubt that BAe and Rolls-Royce 
have a gigantic head start and could, with political 
leadership, create the next generation V/STOL 
family with supersonic performance. 

A fumbling but welcome beginning of a mature 
V/STOL era took place in 1980 when an ancient 
Pegasus 2 went back into PCB testing at 
Shocburyness. This rig soon demonstrated stable 
operation with distorted inlet flows, and the ability to 
cross-light via a small tube by extinguishing one PCB 
combustor using gigantic inflows of water and then 
relighting from the burner on the other side. The 
light-up and combustion characteristics at altitude 
were then explored at the National Gas Turbine 
Establishment, Pyestock, following which it was 
planned in early 1981 to conduct reingestion and 
recirculation tests using the same engine in a crashed 
Harrier airframe slung from a crane. These tests will 
enable the optimum nozzle configuration to be 
investigated by 1982. With luck, by this time there 
should be at least one Mk 11F-35 engine running, as 
well as parts of a Mk 11-33 with F to be rated at 
24,500 Ib dry and 34,000 Ib with PCB. Testing at the 
RR Halford Lab at Hatfield has confirmed the 
performance of the new fan. By 1990 Rolls-Royce 
could deliver production examples of a new- 
generation PCB engine fitting the same envelope as a 
Pegasus but rated at 27,000 Ib dry and 40,000 Ib with 
PCB. Clearly this is the way to go, and the author 
would cut almost any other defence programme to 
provide the funds 

Such an engine would have front nozzles delivering 
at 1,400°C compared with the 1,150°C of current 
testing on the old Pegasus 2. Hot-gas reingestion is 
seen as a major potential difficulty with such hot front 
jets, one small palliative being to toe in the front 
nozzles in the VTO mode to destroy the hot fountain 
created by the four-poster arrangement. Another 
problem is the larger frontal area of a boosted engine, 
to counter which the aircraft must be carefully area- 
ruled and have minimum fuselage cross-section. Fora 
given core airflow the PCB engine lifts a larger 
aircraft, so RCV control bleed will be greater than 
with the Harrier. But these are relatively trivial 
difficulties, and in 1981 there is thought to be no 
major risk attending a three-nozzles supersonic 
V/STOL. 

In January 1981 prolonged missionary work by 
МСА! and Rolls-Royce surfaced with the formal 
proposition of a four or five-year programme costing 
an estimated $300-$500 million to fly at least an 
11PCB, if not an 11-35PCB, in a grossly rebuilt AV- 
8A designated АУ-85Х (for Supersonic 
Experimental). Though it would have to remain a 
four-poster aircraft the SX would have a 6-foot plug 
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in the fusclage, long variable supersonic inlets, 
supersonic wing with larger flaps built on the existing 
wing box and many smaller changes including an 
up-blowing RCV at the tail. The 11F-35 engine with 
an airflow of 464 Ib/sec (compared with 432 for a 
Pegasus 11) and PCB temperature of 1,527°C 
(2,780°F) would be rated at 33,430 Ib with zero nozzle 
splay. Flight Mach number would be 1.6. 

Beyond this demonstrator, which has had a 
favorable reception from the USAF as well as the 
Navy, NASA and British MoD, one can see a 
limitless series of exciting possible V/STOL fighters. 
Basic data for the 1989 generation appear in the 
Appendices, but such an aircraft could be a 
traditional four-poster or a three-poster with a close- 
coupled canard. The latter appears to have the edge 
in manoeuvrability over anything else in the sky. 
Another, shown in an accompanying artist's 
impression, would be a larger canard with thc 
possible advantage of being able to lift out the engine 
without first removing the wing. 

Such aircraft get a bit remote from the title of this 
book, but they could never have happened without 
the Harrier. This aircraft, far more than any other, 
must be the key to military aviation's future 


Below: A model of the proposed Harrier MK 5 with the Big Wing, 
with LERX, claimed to beat the AV-8B in cruising drag and aircraft 
manoeuvrability, besides being retrofittuble on existing Harriers or 
Sea Harriers./BAe 
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Appendices 


Specifications 


P.1127 

Span: 24ft 4in (XP984 22ft 10in) 

Length: (excluding probe) 41ft 2in (XP984 42ft От) 
Height: 10ft 9in 

Wing Area: 185sq ft 

Weight: (typical) 10,2001b empty; 15,5001b loaded 
Engine: 11,0001b Pegasus 2 (BS.53/3) 


Kestrel 

Span: 22ft 10in 

Length: (excluding probe) 42ft Qin 

Height: 10ft 9in 

Wing area: 186 sq ft 

Weight: 11,0001b basic operating; 13,0001b loaded 
УТО; 17,000Ib loaded STO; 19,0001b max loaded 
Engine: 15,5001b Pegasus 5 


Oft От (developed version 52ft Din) 
Height: 11ft Qin 

Wing area: 220sq ft 

Engine: 24,00016 Pegasus SPCB (developed version 
30,0001b Pegasus 6PCB) 


Р.1154КАЕ 

Span: 26ft Oin 

Length: 56ft 6in 

Height: 12ft 3in 

Wing area: 250sq ft 

Weight: 18,1201b basic operating; 30,9701 loaded (lo 


Service ceiling: 52,5001. 
Level speed: Mach 1.13 (860mph) at sea level: Mach 
1.93 (1,276mph) at 36,000ft 

Mission radius: 308nm (355 miles) lo-hi-lo at Mach 
0.93 with bomb load 

Engine: 35,6001b BS.100/8 


P.1145 RN 

Span: 30ft біп (developed version 36ft От) 

Length: 58ft 6in 

Height: 13ft 3in 

Wing area: 287ft (developed version 350sq ft) 
Weight: 24,3001b basic operating; 39,4001b loaded for 
intercept mission (developed version 26,0001b basic 
operating; 44,7001b loaded for intercept mission) 
Engines: One 35,1701b BS.100/8 Phase 2 (developed 
version, two 18,000lb Rolls-Royce RB.168D) 


Harrier GR.1 

Span: 25ft 3in; 29ft Bin with ferry tips 

Length: 45ft Bin 

Height: 11ft 3in 

Wing Area: 201sq ft; 217sq ft with ferry tips 

Weight: 12,3001b basic operating; over 25,0001b max 
loaded 

Rate of climb: 40,000ft/min; time from standing start 
to 40,000ft — 2min 22.7sec 

Level speed: over 737mph at sca level 

Mission radius: See AV-8A 

Engine: 19,0001b Pegasus 6 Mk 101 


Harrier T.2 
Length: 55ft 9.5in 

Height: 12ft Qin 

Weight: 13,3001b basic operating (typical with ballast) 


Harrier GR.3 
Length: LRMTS 
Engine: 21,5001b Pegasus 11 Mk 103 


AV-8A as GR.3 except: 
Weight: 12,1901b basic operating; 17,050lb max 
loaded VTO at 90°F; 22,300Ib max loaded STO at 
25,000 design max loaded 

ission radius: (on a 90°F day with 3,000lb ordnance) 
50nm from VTO; 150nm from 400ft run; 380nm from 
1,200ft run; (with 5,0001b (limit) ordnance) 150nm 
from 1,000ft run; 250nm from 1,200ft run 
Engine: Originally 20,500Ib Pegasus 10 Mk 102 
(figures as for Mk 103 (F402-RR-402) 


Sea Harrier FRS.1 

Length: 47ft Tin; 42ft 3in nose folded 

Height: 12ft Zin 

Weight: Not released; 8,0001 max ordnance 

Time to combat: Under 6min from alarm to combat 35 
miles distant 

Level speed: Over 737mph at sea level 

Mission radius: 460 miles hi intercept with allowance 
for 3min combat and VL reserves; 288 miles strike 
radius (load not stated) 

Engine: 21,5001b Pegasus 11 Mk 104 
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YAV-8B 

Span: 30ft 3.5in 

Wing area: 230sq ft 

Weight: 12,5501b basic operating; 29,750Ib max 
design 

Level speed: 674mph clean at low level; Mach 0.91 
(692mph) at altitude 

Range: 0.224nm/lb with five pylons and guns; 
0.140nm/Ib with seven Mk 82 bombs and guns 
Engine: 21,5001b YF402-RR-404 


AV-8B 
Span: 30ft 3.5in 

Length: 461 3.75in 

Height: 11ft Sin 

Wing area: 230sq ft 

Weight: 12,7501b basic operating; 19,18515 тах УТО 
at 90°F; 29,7501b max STO 

Level speed: estimated clean as YA V-8B; mach 0.71 
(540mph) with two cannon and five Mk 82 bombs 
Mission radius: 210nm (242 miles) hi-lo-hi with 16 Mk 
82 bombs with 1,200ft STO at 90°F; 593nm (683 
miles) hi-lo-hi with seven Mk 82 hombs and guns from 
1,000ft STO at 90°F with 2,1421b external fuel 


Big Wing Harrier 
Span: 32ft Oin 

Wing area: 250sq ft 

Level speed: Not less than Harrier GR.3; turn rate at 
lo level not less than 19*/sec in air-combat role 
Engine: 22,2001b Pegasus 11-21E; 23,5001b Pegasus 
11F-35 


AV-8E as AV-8B except: 
Length: probably 46ft din 

Wing area: probably increased by Lerx 

Weight: 13,800Ib basic operating; 22,9501b basic flight 
design; 17,6001b with max useful load (7,8501b or 
8,0501b internal fuel); 20,7001b УТО: 29,2001b STO 
with 600ft roll, 20kt WOD and 2ft sink; 31,4001b. 
ski-jump with 390ft roll; 30,000Ib rocket-assisted, 
zero roll. 

Speed: Mach 0.91 (692mph) max with seven empty 
pylons 

Engine: 23,2001b (guaranteed min)/23,5001b 
(average) Pegasus 11F-35 


Lengti 
Span: around 30ft 

Weight: с15,5001Ь basic operating; max unlikely to 
exceed 30,0001b 

Level speed: Mach 1.6 (1,055mph) at altitude 
Range: Greater than AV-8B except when supersonic 
Engine: 33,430lb Pegasus 11F-35PCB 
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Next generation baseline 

Span: 30ft Oin 

Length: 52ft Lin canard; 55ft Tin trad configuration 
Height: 14ft 10in canard; 11ft 4in trad configuration 
Wing Area: 300sq ft 

Weight: 17,950lb basic operating; 28,4501 max УТО; 
с40,0001Ь max STO 

Level speed: Supersonic, clean at low level; cMach 2 
at altitude 

Mission radius: Better than AV-8B 

Engine: 33,4301b Pegasus 11F-35PCB 


Production 

P.1127 XP831, 21-10-60, Fairey controls, damaged 

Paris 16-6-63, at RAF Museum; XP836, 7-7-61, 

Pow lost Yeovilton 14-12-61; XP972, Peg: 
Fairey, damaged Tangmere 9-62; XP976, 12-7-62, 

kinked wing, Fairey, to 71 MU and cannibali 

XP980, -62, 12-ft tailplane 18° anhedral, Kestrel 

wingtip, Dowty, radio-controlled barrier trials 

Tarrant Rushton; XP984, Kestrel wing, Dowty, RAE. 

Kestrel XS688, 7-3-64, became 64-18262; XS 689, 

28-5-64, became 64-18263; XS690, 5-8-64, became 

64-18264; XS691, 5-9-64, became 64-18265; XS692, 

7-11-64, became 64-18266; XS693, 25-11-64, to 

Dunsfold though US No issued; XS694, 10-12-64, 

became 64-18269; XS695, 17-2-65, RAE/AAEE; 

XS696, 5-3-65, lost West Raynham 1-4-65. Of the six 

XV-6As Nos 263 and 268 were passed from AFFTC 

Edwards to NASA Langley. 

P.1127RAF XV276, 31-8-66; XV277, 9-11-66, later 

Lerx/Cads; XV278, 31- + XV279, 4-3-67; 

XV280, -4-67; XV281, -6-67. 

Harrier GR.1 (survivors uprated to GR.3) XV738- 

743, retained for development by HSA, RR and 

AAEE; XV744-762, 776-810, XW630, XW763-770, 

916-924, RAF inventory. 

Harrier T.2 (survivors uprated as 2A and 4) XW174, 

24-4-69, lost 4-6-69; XW175 completed development; 

XW264 (3-10-69) -272, XW925-927, 933-934 for 

inventory. 

Harrier GR.3 XZ128-139, XZ963-986 for inventory. 

Harrier T.4 Х7.145-147, (RN)XZ445-448. 

Sea Harrier FRS.1 XZ438-440, 450-460, 491-500, plus 

ten. 

Sea Harrier FRS. 51 Six for IN. 

Harrier Mk 52 G-VTOL. 

Harrier T.60 Two for IN. 

AV-8A (Mk 50) BuAer Nos 158384-395, 158694-711, 

158948-977, 159230-259, 159366-377. Survivors (61) 

being updated to AV-8C, 

AV-8S (Mk 53) BuAer 159557-562, 161174-178. 

TAV-8A (Mk 54) BuAer 159378-385. 

TAV-8S (МК 55) BuAer 159563-564. 

YAV-8B BuAcr 158394-395 (ex-AV-8A) 

AV-8B BuAer 161396-399. 
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